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SUMMARY 

An investigation of the ice accretion patterns and performance characteristics of 
a multi-element airfoil was undertaken in the NASA Lewis Icing Research Tunnel. 
Several configurations were examined to determine the ice shape and performance 
characteristics. The testing included glaze, rime, and mixed icing regimes. Tunnel 
cloud conditions were set to correspond to those typical of the operating 
environment for commercial transport aircraft. Measurements acquired included 
ice profile tracings and aerodynamic forces both during the accretion process and 
in a post-accretion evaluation over a range of angles of attack. Substantial ice 
accretions developed on the main wing, flaps and slat surfaces. Force 
measurements indicate severe performance degradation, especially near CL max, 
for both light and heavy ice accretions. Frost was seen on the lower surface of the 
airfoil which was found to contribute significantly to the force components. 


INTRODUCTION 

Several studies have been completed of ice accretions and resulting performance 
losses for typical airfoil profiles (refs. 1-6). To date, most studies have been for 
single element airfoils such as the NACA 0012 profile with the exception of 
Ingelman-Sundberg et. al. (ref. 7). The use of slats and flaps has the potential for 
development of significant ice accretions at many locations on an airfoil other than 
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the leading edge. In an effort to document these accretions and their effects on 
airfoil performance, icing tests were performed on a 2D multi-element model 
representing a Boeing 737 wing section. This model, configured for four simulated 
flight conditions, was tested in the NASA-Lewis Icing Research Tunnel (IRT) while 
mounted in a horizontal position between two splitter walls, as shown in Figure 1 . 
The actual model mounted in the IRT is shown in Figure 2. 

The conditions of the test were set to attempt reproduction of natural icing 
conditions for this airfoil during hold and approach situations, as specified in the 
FAR-25 specifications for commercial aircraft (ref. 8). This was not always possible 
given the restrictions imposed by the scale of the models and the capabilities of 
the IRT. In several cases, the spray durations were extended in order to 
accumulate ice of sufficient quantities to allow tracings to be feasible. Additionally, 
it was desired to obtain results for glaze, rime, and mixed conditions in order to 
develop an understanding of how these may impact the several configurations 
examined. Glaze ice accretions occur at warm temperatures and high cloud liquid 
water content, while rime ice accretions occur at cold temperatures and low cloud 
liquid water content. Glaze ice accretions can produce large protuberances called 
horns at locations slightly downstream of the stagnation region. A mixed ice 
accretion has a glaze ice core at the stagnation region with surrounding layers of 
rime ice. Further explanation of these differences is found in reference 6. 

The goal of this report is to present the complete set of ice shapes and 
performance characteristics for the multi-element airfoil for a wide rand of icing 
conditions. Previous reports by Potapczuk and Berkowitz (refs. 9, 10) have 
presented a summary of the test results along with several ice shape and 
performance predictions for the cruise wing configuration. However, this technical 
report will focus entirely on the experimental results. For each test run, ice shape 
profiles and performance characteristics will be presented along with a summary 
of the test results for each of the four configurations. 


APPARATUS AND PROCEDURE 
Wind Tunnel 

This test program was conducted in the NASA Lewis Icing Research Tunnel (IRT). 
The IRT, shown in Figure 3, is a closed loop subsonic wind tunnel with a 6’ X 9’ 
foot solid wall test section. The maximum test section velocity is 300 mph with no 
blockage. The IRT airstream temperature is controlled by a 2100 ton Freon 
cooling system which allows the total temperature to range between 32° and -20°F. 
Atmospheric icing clouds are simulated in the tunnel by spraying water droplets 
into the cold airstream slightly upstream of the contraction section. Calibrated 
clouds may be generated with liquid water contents ranging from 0.5 to over 2.0 
gm/m 3 and with volume median droplet diameters ranging from 10 to 20 microns. 
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Wind Tunnel Model 


The test article was a 0.18 scale model of a Boeing 737-200ADV 2D wing section. 
The model was mounted horizontally between two splitter walls which spanned the 
height of the tunnel test section. A diagram of the model mounted in the splitter 
walls is seen in Figure 1. The model could be rotated about its spanwise axis 
using a turntable mounted in the splitter walls. This allowed variation of the angle 
of attack both during and after the duration of the spray. For most of the test runs 
the model was set at 5° angle of attack during the icing encounter. 

The Boeing 737-200ADV 2D wing section is a multi-element airfoil with a leading 
edge slat and three trailing edge flaps. Figure 4 shows the four configurations that 
were tested in the NASA Lewis IRT. The cruise wing configuration, shown at the 
top, had a chord length of 1.5 ft. The other three multi-element configurations, 1°, 
5° and 15° flap, had varying slat and flap positions that correspond to various high 
lift configurations to simulate possible flight conditions that may be encountered 
during hold and approach situations. 

Measurements 

The tunnel velocity at the location of the model was obtained by use of a 
calibration curve produced during earlier ground de-icing tests. This was done by 
relating a static pressure probe reading located at the model location, without the 
model present, to that of a static pressure probe located in the ceiling upstream 
of the splitter walls. The output of this probe was referenced to a heated total 
pressure probe, also located in the tunnel ceiling, to yield the corrected free stream 
velocity at the model location. 

Aerodynamic loads on the models were measured during and after each test run 
using two three-component force balances. One balance was mounted in each 
splitter wall and attached to the end of the model. These balances allowed the 
measurement of the normal and axial forces and of the bending moment on the 
airfoil. From these measurements, the lift, drag, and pitching moment could be 
determined with an estimated accuracy of 3 percent. 

During the De-/Anti-lcing tests which preceded these, a problem developed in the 
axial force component of the left hand balance. This meant that any spanwise 
variation of the axial loading would lead to errors in the measurements. A simple 
examination of the relative magnitudes of the axial loads to either the lift or drag 
values indicated that an axial load imbalance could contribute to a 3 percent error 
in lift and as much as a 75 percent error in drag. It was decided to use the 
balance under these conditions and to take note of any test runs which had a 
non-uniform distribution of ice in the spanwise direction. It was felt that lift values 
would be acceptable and that if the ice accretion was uniform across the span then 
the drag measurements would also be meaningful. This indeed was the case for 
most of the test runs. Four runs (2B, 15, 20 and 21) had non-uniform ice 
accretions and the drag data for these runs should be used with caution. 
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Test Procedure 


A typical test run consisted of the following steps. The force coefficients versus 
angle of attack were determined for the clean airfoil. The spray conditions were 
set and the tunnel was brought to the correct temperature and airspeed. As the 
spray was allowed to impinge on the airfoil, the force balance measurements were 
taken in order to determine changes during the encounter. These measurements 
were taken with the airfoil at a set angle of attack. Upon completion of the icing 
encounter, the force coefficients versus angle of attack were again taken to 
determine changes due to ice accretion and frost. After these measurements were 
completed, the tunnel was brought to idle and frost was removed using plastic 
scrapers. The tunnel was then brought back to speed and the force 
measurements versus angle of attack were repeated without the frost. 

After each icing test was conducted, a set of ice shape tracings were made at 
pre-determined locations along the span of the airfoil. A steam knife was used to 
cut a 0.25 inch wide slice into the ice and flush with the clean airfoil. Figure 5 
shows the distance and section name for each of the 5 cuts. After each cut was 
made, a cardboard template was inserted into the cut and a tracing of the ice 
shape profile was made. At section C, ice shape tracings were obtained on both 
sides of the template. 


Test Conditions 

The test program consisted of twenty-four runs, ten with the cruise wing 
configuration and fourteen with the three high lift configurations. The test 
conditions were selected to simulate cruise and approach conditions for the 
Boeing 737-200ADV. This consisted of determining combinations of temperature, 
liquid water content, and drop size within the FAR-25 envelope and scaling these 
conditions to the size of the model using scaling laws similar to those described 
by Ruff (ref. 11). Velocities and accretion times were also adjusted in an attempt 
to achieve proper scaling of the total mass of ice accreted. The attempt to remain 
close to real flight conditions was done to produce realistic ice shapes but was not 
intended to achieve complete simulation of actual flight conditions. Since the main 
objective was to produce a database for code validation, it was decided in several 
runs to deviate from the simulation conditions in order to produce ice accretions 
suitable for modeling. Typically, the deviations consisted of running for longer 
periods of time in order to accumulate enough ice to yield a suitable shape for 
testing the computer codes. Table 1 lists the actual test conditions for each of the 
24 runs. 


RESULTS AND DISCUSSION 

Detailed results of the ice shapes and performance characteristics will be 
presented for each of the 24 test runs. Because of the quantity of data presented 
in this report, it will not be possible to discuss each figure individually. Therefore, 
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a brief summary of the test results will be given for each of the 4 configurations 
tested. For a more thorough discussion of the data, refer to references 9 and 10. 

The experimental data for each run will be presented in the following order: 

1 ) plots of the digitized ice shapes for each section and for each element of 
the airfoil 

2) data tables of the digitized ice shape coordinates 

3) lift, drag and pitching moment coefficients versus angle of attack for the 
clean airfoil, iced airfoil with frost, and iced airfoil without frost 

4) ratio of force coefficients/force coefficient of clean airfoil versus time 

5) data tables of force coefficients versus angle of attack and time 

6) table of the IRT tunnel conditions 

The experimental ice shapes shown for each section were created by digitizing the 
actual ice shapes that were traced on the templates. The digitized ice shapes 
were then compared to the original tracings for accuracy. Each experimental ice 
shape will be shown full scale on a section of the airfoil/slat/or flap on which the 
ice shape was accreted. However, the data tables that follow each set of ice 
shapes will include only the digitized ice shape coordinates. Unless otherwise 
noted, all plots of the airfoil and ice shapes are shown full scale with the 
coordinates given in inches. 

Before the results are presented for each run, it is necessary to discuss briefly the 
frost that was encountered during these tests. During many of the tests, frost 
formed on the lower surface of the airfoil. The frost was especially evident for the 
15° flap configuration. Frost was distinguished from the actual ice accretions by 
its appearance. The ice accretions had a growth pattern which indicated 
development in the upstream direction. The frost on the other hand seemed to 
have no preferred direction of growth. Instead, the frost appeared as a thin layer 
with a uniformly rough surface. Olsen (ref. 6) has suggested that the frost is due 
to a free-stream turbulence level higher than that in flight. However, since only the 
lower surface of the airfoil had any frost, some other reason is suspected. With 
the exception of runs 1-10, the effect of the frost on the airfoil performance was 
evaluated by taking force measurements before and after removal of the frost. 

Cruise Wing Configuration 

The Boeing 737-200ADV 2D cruise wing configuration was the first to be tested 
and is shown in Table 2 along with the airfoil coordinates. Ice shape and 
performance characteristics for the cruise wing configuration are shown in Figures 
6-25 and Tables 2-42. In general, the ice accretions produce premature stall and 
increased drag. The drag values are larger over the entire range of angles of 
attack, while the lift is not generally affected until near CL max. This apparently 
happens because the ice shape does not substantially alter the pressure 
distribution over the airfoil until flow separation occurs, while the boundary layer is 
significantly altered at lower angles of attack. The moment coefficient changes 
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from being nearly constant over the range of angles of attack to being a linearly 
increasing value with angle of attack until stall. Changes to this parameter reflect 
both the changes to the boundary layer at small angle of attack values and to the 
pressure distribution at large angles of attack. All these results indicate significant 
changes in handling characteristics for the iced airfoil. Since the lift values do not 
change substantially until near CL max, this can be an extremely important result 
for incorporation into flight simulators (refs. 12, 13). 

The drag appeared to increase with time very rapidly during the initial change from 
clean surface to iced surface. Within the first minute, the rate of increase declined 
to a near linear rise with time. The lift values did not change very much at all with 
time due to the low angle of attack at which the ice was accreted. The moment 
coefficient did not seem to follow any pattern in how it changed during the 
accretion time. Thus, it appears that as the ice accretes it initially disturbs the 
boundary layer causing an increase in drag. This is most likely due to premature 
tripping from laminar to turbulent flow. Then, as the ice continues to grow, 
separation regions develop behind the ice shape and changes to the boundary 
layer aft of the ice shape are reduced. Further changes to lift and pitching moment 
are determined not by the spray duration but by the type of ice accreted with the 
more significant changes occurring at the warmer temperatures. This latter effect 
is due to changes in the overall flow pattern as opposed to alterations in the 
boundary layer. These trends have been seen in other single element airfoil 
studies and have been reproduced in analytical simulations. 

Frost developed on the lower surface of the airfoil. The extent of this frost varied 
from the first 30 per cent of the airfoil to the entire lower surface. The major effect 
of frost is to increase the pitching moment over the entire range of angle of attack. 
The changes in lift and drag due to frost are not as dramatic as will be seen in the 
next series of runs. This indicates that the results for lift and drag previously 
discussed should apply whether or not the frost is present. 


Multi-Element Configurations 

The Boeing 737-200ADV 2D multi-element configuration is shown in Figure 26. 
Tables 43-47 show the coordinates for each of the 5 elements that make up the 
multi-element configuration. Note in Figure 26 that the airfoil is shown at 0° flap 
and the axis origin is defined at the leading edge of the slat. All subsequent 
coordinates for each element and for all ice shapes will be given with respect to 
the airfoil at 0° flap with the origin being at the leading edge of the slat. 

Figures 27 and 28 show the orientation of the leading edge slat and the trailing 
edge flaps to the main airfoil element for each of the three configurations (1°, 5° 
and 15° flaps). The coordinates for each airfoil element and ice shapes will be 
given with respect to the 0° flap configuration as shown in Figure 26. 
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5° Flap Configuration 


The 5° flap configuration was the second configuration to be tested with results 
shown in Figures 29-37 and Tables 48-64. The distinguishing characteristic of this 
high lift configuration is the sharp drop in lift at angles of attack near stall. The 
icing runs covered mixed to rime ice conditions and these accretions altered the 
lift curve and stall characteristics significantly. Apparently the ice shape causes 
early transition to turbulent flow resulting in trailing edge separation. Confirmation 
of this would require pressure distributions and velocity profiles around the airfoil, 
which were not obtained for this experiment. 

The other interesting feature of this set of runs is the effect of the frost. The lift and 
drag values were altered only slightly by the presence of the frost. On the other 
hand, the frost had a significant effect on the moment coefficient. The change in 
pitching moment is larger than would be suggested by the accompanying changes 
in lift and drag. Apparently the distribution of forces over the surface of the airfoil 
is changed by the frost. Since frost is considered to be a phenomena found only 
in the tunnel and not in flight, tunnel tests must be evaluated with great care when 
extrapolating to airfoil performance in icing. 

1° Flap Configuration 

Results for the 1° flap configuration are shown in Figures 38-50 and Tables 65-87. 
The ice shapes from these runs all tended to be on the upper surface of the 
leading edge slat. This is quite different than the prior configurations where the ice 
accreted at the leading edge and on the lower surface. These runs produced lift 
curves with very flat tops such that stall would occur early but may not be as 
severe as other configurations. The drag and moment coefficient curves also 
appear to be affected similarly for all runs. All five of these runs were in the mixed 
ice regime and hence this could account for the similarities between runs. 

15° Flap Configuration 

The last five runs were made with the 15° flap configuration. The results for these 
runs are shown in Figures 51-69 and Tables 88-115. The interesting aspect of 
these runs was the lift values at low angles of attack. Unlike the previous 
configurations, the lift values at angles of attack well below stall are lower than 
those of the clean airfoil. Obstruction of the flow over the flaps by the ice must 
have reduced the lift available from these elements. This could lead to a potentially 
more hazardous condition for this configuration. The stall condition is also altered 
by the ice accretion. The lift decreases more gradually than for the clean airfoil 
and this decrease starts at a lower angle of attack. As suggested earlier, this is 
considered to be due to a change in stall mechanism from leading edge stall to 
trailing edge stall. 
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CONCLUSIONS 


The test results indicate that the changes in performance characteristics are most 
affected by the temperature and duration of the ice accretion. The warmer 
temperatures, leading to glaze ice conditions, tend to produce the largest loss of 
lift. The duration of the accretion does not influence the changes to the lift, as 
shown in the lift history plots, once the accretion has developed beyond some 
minimal size. The drag increase is not so dependent on temperature while it does 
increase significantly with time. The drag rise was seen to rise rapidly during the 
initial change from a clean condition to an iced condition with a linear increase 
thereafter. The moment coefficient normally increased as a result of the accretion. 
This tended to produce a less stable condition for the airfoil as the tendency 
towards stall was enhanced. 

Test results also indicate that performance changes due to icing can be dependent 
on the airfoil configuration. For the cruise configuration and the 1° flap 
configuration, the performance changes due to glaze or mixed ice accretions were 
similar. The cruise configuration actually had increased lift as a result of rime ice 
accretion with the ice acting as a leading edge slat. It is doubtful that this would 
occur for the other configurations. The 15° flap configuration accumulated ice on 
the flaps which resulted in lift loss for all angle of attack conditions. This indicates 
that high-lift configurations may be more sensitive to icing problems than the cruise 
wing configuration. This suggests that an airplane is most sensitive to icing 
performance losses just at the time it is most likely to experience icing conditions. 

Another significant result was documentation of the effect of frost. Frost was 
identified as ice that developed with no preferred growth direction as opposed to 
accreted ice which tended to grow upstream. Typically, the frost grew on the first 
30 to 40 per cent of the lower surface of the airfoil. The frost did not alter the lift 
or drag in many cases but did change the pitching moment. This indicates that 
the pressure profile was altered somewhat but more in distribution than in 
magnitude. It is important to insure that frost is removed prior to measurement of 
iced airfoil performance values in order to more accurately recreate natural icing 
conditions. 

Variability of the ice accretion as a function of spanwise location was documented 
by taking ice profile tracings at several locations during each test run. Results 
indicated that the ice shape profiles could be quite different even when visual 
inspection indicated uniform ice growth. 
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REAR VIEW 


FIGURE 1 - Splitter Wall Configurations for 2D Wing Model. 
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FIGURE 3 - The NASA Lewis 6‘ x 9' Icing Research Tunnel. 


(a) Cruise Wing 



FIGURE 4 - Multi-Element Airfoil Configurations Employed During Ice Accretion Test Program. 



Flow 

FIGURE 5 - Boeing 737-200 ADV Wing Section With Ice Shape Tracing Locations. 
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TABLE 1 - TEST CONDITIONS FOR THE BOEING 737-200 ADV AIRFOIL 


Run 

Duration 

Temperature 

Velocity 

LWC, 

MVD, 

Number 

min 

°F 

M.P.H. 

g/m 3 

/im 



i 

5 

30 

108 

1.49 

mm 

2B 

5 

28 

108 

1.40 

ni 

3 

5 

13 

108 

0.90 

■59 

4B 

5 

10 

108 

1.13 

mm 

5 

2 

20 

108 

0.70 

■B 

6 

13 

20 

164 

0.70 

mm 

7 

5 

16 

160 

1.00 

wm 

8 

8 

15 

161 

0.80 

mtim 

9 

5 

-16 

105 

0.87 

17.1 



-19 

104 

1.38 

16.0 



24 

**>nflguraiion 

108 

0.48 

msm 

12 

11 

25 

108 

0.46 

mm 

13 

8 

17 

108 

0.42 

13.4 

14 

8 

-7 

107 

0.90 

14.0 


TestC 


ii& 

0 

m 

jig: 

1 



15 

5 

28 

108 

0.92 

14.4 

a 16 

10 

27 

108 

0.92 

14.4 

17 

10 

26 

108 

0.92 

14.4 

a 18 

10 

18 

108 

0.90 

14.4 

19 

10 

19 

107 

0.90 

14.4 

a,b2o 

8 

ufiUtllunS • lUf ■ u Iw - • 4 
28 

*• wUfUlvJUlCtUUri • • • ■ 
108 

0.92 

14.4 

21 

8 

28 

108 

0.92 

14.4 

c 22 

8 

29 

108 

0.92 

14.4 

a 23 

6 

-3 

110 

0.62 

12.2 

24 

6 

-9 

108 

0.62 

12.5 


a These runs were accreted with the airfoil at 0° AOA. 
k Force measurements lost due to data system error. 
c This run was accreted with the airfoil at 8° AOA. 
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Section C 



FIGURE 6 - RUN 1 ICE SHAPE TRACINGS FOR SECTIONS A - 
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TABLE 3 - RUN 1 ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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TABLE 3 - RUN 1 ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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TABLE 4 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 1 . 
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TABLE 6 - TEST CONDITIONS FOR RUN NUMBER 1 . 



S EGINQ 

RESEAR 

GH;:!WNTO 

Run No. 1 

Configuration CfUiS© Wing 

Date 05-02-88 

p air 76.0 psig 

up w 18.5 psid 

T 25° F 

avg 1 

v x 1 00 mph 

Spray Duration 5 mill 

Ice Accretion Type GI3Z6 

A.O.A. 5° 

lwc 1 .49 g/m 3 

MVD 14/im 


Remarks 

• Procedure not followed correctly. Possible sublimation of ice prior to 
force measurements. Less ice than expected. Approximately (1/4" - 3/8") 

• Frost on entire lower surface 

• Ice shape tracing for Section C 2 not available 
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TABLE 7 - RUN 2B ICE SHAPE COORDINATES FOR SECTIONS A - 
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TABLE 7 - RUN 2B ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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TABLE 8 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 2B. 
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TABLE 10 - TEST CONDITIONS FOR RUN NUMBER 2B. 


NASA LEWIS ICING RESEAR 


Run No. 2B 

Configuration Cruise Wing 

Date 05-02-88 

p a/r 43 P si 9 

ap w 1 6.4 psid 

T 25° F 

avg ' 

v x 1 00 mph 

Spray Duration 5 mifl Ice Accretion Type Rime 

A.O.A. 5° 

lwc 1 .4 g/m 3 

mvd 17 fdm 


Remarks 


• Ice accretion approximately 1/4" - 3/8" 

• More ice noticed between sections C and D than at other locations 

• No frost evident 
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TABLE 1 1 - RUN 3 ICE SHAPE COORDINATES FOR SECTIONS A - 
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TABLE 1 1 - RUN 3 ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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TABLE 12 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 3. 
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TABLE 13 - RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT OF CLEAN 

AIRFOIL FOR RUN NUMBER 3. 
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290 0.9967 1.6263 0.8786 

300 1.0007 1.6460 0.8831 

310 1.0051 1.6973 0.8854 







TABLE 14 - TEST CONDITIONS FOR RUN NUMBER 3. 


NASA LEWIS ICING RESEARCH TUNNEL 


Run No. 3 

configuration Cruise Wing 

Date 05-02-88 

p a if 37 P si 9 

a p w 6.8 psid 

T 10° F 

avg 1 1 

1 00 mph 

Spray Duration 5 min 

Ice Accretion Type Rim6 

A.O.A. 5° 

lwc 0.9 g/m 3 

MVD 14jL/m 


Remarks 


• Ice accretion approximately 1/4" - 3/8" thick 

• Very uniform across span 

• We were expecting mixed rime and glaze ice, but there was essentially 
rime ice at this condition 

• Frost on lower surface to about 30% chord 
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FIGURE 12 - RUN 4B ICE SHAPE TRACINGS FOR SECTIONS A - 


TABLE 15 - RUN 4B ICE SHAPE COORDINATES FOR SECTIONS A - 
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TABLE 18 - TEST CONDITIONS FOR RUN NUMBER 4B. 


NASA LEWIS rGifJQ RESEARCH TUNNEL 


Run No. 4B 


Configuration Cruise Wing 


Date 05-02-88 


p .ir 31 psig 


ap 1 0.5 psid 


Vg 10” F 


100 mph 


Spray Duration 5 min 


Ice Accretion Type Rim© 


A.O.A. 5° 


lwc 1.13 g/m 3 


mvd 17 /im 


Remarks 

• Ice accretion approximately 1/2" thick 

• Uniform across the span 

• Beginning of ice fingers on lower surface, including light frost 
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TABLE 1 9 - RUN 5 ICE SHAPE COORDINATES FOR SECTIONS A - 
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TABLE 20 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 5. 
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TABLE 22 - TEST CONDITIONS FOR RUN NUMBER 5. 


NASA LEWI 

S ICING 

RESEAR 

DH;*llNNEfe 

Run No. 5 

Configuration Cruise Wing 

Date 05-03-88 

p air 38.0 psig 

ap w 6.8 psid 

T 20° F 

evg 1 

\ 1 50 mph 

Spray Duration 2 min 

Ice Accretion Type Mixed 

A.O.A. 5° 

lwc 0.7 g/m 3 

mvd 14 pm 


Remarks 

• Overloaded balance at original test conditions 

• Model was vibrating at A.O.A. above 14° 

• Changed conditions to lower the velocity and avoid this problem 

• Ice accretion approximately 1/8" thick 

• Top was rime-like, opaque 

• Bottom was glaze-like, clear 
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FIGURE 1 6 - RUN 6 ICE SHAPE TRACINGS FOR SECTIONS A - 




TABLE 23 - RUN 6 ICE SHAPE COORDINATES FOR SECTIONS A - 
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TABLE 23 - RUN 6 ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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TABLE 26 - TEST CONDITIONS FOR RUN NUMBER 6. 


NASA LEWIS ICING RESEARCH TUNNEL 


Run No. 6 

Configuration Cruise Wing Date 05-03-88 

P afr 38.0 psig 

AP W 6.8 psid 

T 20° F 

avg ' 

150 mph 

Spray Duration 13 min Ice Accretion Type Mixed 

A.O.A. 5° 

lwc 0.7 g/m 3 

mvd 14/jm 


Remarks 

• Ice accretion approximately 1 " thick, mixed ice 

• Uniform across span 

• Some vibration at 13° A.O.A. 

• Large fingers present on lower surface 


79 






TABLE 27 - RUN 7 ICE SHAPE COORDINATES FOR SECTIONS A - 
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TABLE 27 - RUN 7 ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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TIME, SEC. 


(D) RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT 
OF CLEAN AIRFOIL VERSUS TIME. 

FIGURE 19 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 7 (con’t). 




TABLE 28 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 7. 
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TABLE 29 - RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT OF CLEAN 

AIRFOIL FOR RUN NUMBER 7. 


o 
































& 

o 


05 

lO 

0- 


00 


CO 

05 

co 

o 


CO 


m 

2> 

02 

CO 

05 

in 

02 

m 

02 

00 


1-. 

00 

00 



o 

o 

▼-H 

o 

02 


CD 

CO 

▼H 

Tt 

o 

05 

m 

00 

CO 

CD 

05 

CO 


CO 

02 

CD 

02 

co 

CO 

C" 

05 

tH 

in 

CO 

05 

Tf 

\ 

o 

05 


CO 

CO 

o 

05 

CD 

CO 

CO 


co 

▼H 

o 

05 


r- 

CO 

in 


CO 

CO 

02 

y-* 


O 

o 

05 

05 

CO 

00 

\ 

o 

05 

05 

05 

05 

05 

00 

00 

00 

00 

00 

00 

00 

00 

z> 


r- 

2> 

o- 


o- 

o- 

r- 

o- 

I> 



co 

CO 

CO 

CO 


T-l 

o 

o 

O 

o 

o 

o 

d 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

& 
































o 
































xf 

o 

»o 

lO 

rH 

05 

05 

•rH 

CO 

T-. 

02 

m 

co 

00 

CO 

1-H 

co 

o 

m 

2^ 

CD 

CD 

CO 

CO 

i— < 

o 

05 

m 

m 

m 

O 

02 

o 

o 

r- 




05 

CO 

05 

m 

02 

CO 

co 

o 

CO 

05 

co 

02 

m 

CO 

o 

CO 

CO 

02 

m 

t-H 

2> 

o 

CO 


05 

CO 

\ 

o 

CO 

CD 

CO 

o 

CO 


02 

02 

05 

02 

m 

2^ 

CO 


co 

02 

02 

o- 

00 

*— « 


CO 

co 

02 

CO 

2^ 

00 

00 

05 

CO 


o 

o 


02 

CO 

CO 

CO 




m 

m 

in 

CO 

CO 

CO 

2^ 


0- 

o- 

CD 

00 

00 

CO 

05 

05 

05 

05 

05 

05 

o 

Xl 

i-H 

y—t 

1-1 

y-t 

y-t 

y-i 

r-» 

y-t 

y-t 

y-i 

*-i 

y-l 

t-H 

t-H 

y-l 

y-l 

y* 

T-t 

1-H 

y-t 

1-H 

y-t 

y-l 

i-i 

i—i 

i-i 

1-1 

i-i 

i-i 

i-i 

02 

o 
































o 
































1— « 

o 

y—t 

05 

I> 

CD 

o 



y-i 

02 

co 

CO 

05 


co 

o 

m 

o 

05 

t> 

CO 

in 


co 

m 

m 

o 

o 

CO 

02 

02 

o 

o 

o 

05 

CO 

CO 

lO 

m 



CO 

o 

00 

05 

1— t 


CD 

CO 

o 

o 


CD 

00 

in 


o 

o- 

CO 




CO 


o 

o 

CO 

co 

05 

CO 

co 

CO 

l> 

co 

00 


CO 

r- 

O' 

co 


c- 

r- 

co 

CO 

CO 

CO 

CO 


co 

co 

co 

CO 

CO 

CO 

! N 

o 

o 

q 

QJ 

q 

q 

q 

05 

q 

q 

q 

q 

q 

q 

q 

q 

05 

05 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

» < 

t-J 


o 

o 

o 

o 

o 

d 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

d 

o 

o 

o 

o 

o 
































pq 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 




02 

CO 

rf 

m 

CO 

z> 

00 

05 

o 

T-» 

02 

CO 


m 

co 


co 

05 

o 

■*— » 

02 

co 


m 

CO 

o- 

CD 

05 

o 












rH 


*-■ 








02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

CO 

E-h go 

































88 




TABLE 30 - TEST CONDITIONS FOR RUN NUMBER 7. 



Run No. 7 

iwn hfalf iv 1 111! 

Configuration Cruise Wing 

Date 05-03-88 

p,i, 88 psig 

ap w 13.8 psid 

T 15° F 

' avg 1 ° r 

v* 1 50 mph 

Spray Duration 5 min 

Ice Accretion Type Mixed 

A.O.A. 5° 

lwc 1 .0 g/m 3 

mvd 12.5/im 


Remarks 


• Ice accretion approximately 3/8" thick, mixed ice 

• Some additional spraying from 2 spray bars for about 30 sec after 
spray stop time 

• This occured intermittently during the 30 sec 

• Clear core with opaque edges 

• Significant frost on the lower surface to about 30-40% chord 
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TABLE 31 - RUN 8 ICE SHAPE COORDINATES FOR SECTIONS A - 
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TABLE 31 - RUN 8 ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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TABLE 31 - RUN 8 ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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(D) RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT 
OF CLEAN AIRFOIL VERSUS TIME. 

FIGURE 21 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 8 (con’t). 


97 


TABLE 32 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 8. 
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TABLE 34 - TEST CONDITIONS FOR RUN NUMBER 8. 


NAS 


LEWI 


is 


ICIN 


G 


RESEARCH 


TUNNEL 


Run No. 8 


Configuration Cfllise Wing 


Date 05-03-88 


43 psig 

ap w 8.8 psid 

' 

1 

15° F 

Y* 1 50 mph 

i 

Spray Duration 8 min 

Ice Accretion Type MiX@d 

> 

0 
;► 

0 1 
0 

LWC 0.8 g/m 3 

mvd 14/im 

Remarks 


• Ice accretion approximately 1/2" to 9/16" thick 


• Rime on the outside with a glaze core 


• Uniform across the span 
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TABLE 35 - RUN 9 ICE SHAPE COORDINATES FOR SECTIONS A - 
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TABLE 35 - RUN 9 ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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TABLE 35 - RUN 9 ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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TABLE 36 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 9. 
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TABLE 38 - TEST CONDITIONS FOR RUN NUMBER 9. 


NASA LEWIS ICING RESEARCH TUNNEL 


Run No. 9 Configuration Cruise Wing Date 05-03-88 


p, lr 22 psig 

6.3 psid 

1 

T -22° F 

avg “■ 1 

1 00 mph 

Spray Duration 5 min 

Ice Accretbn Type Rime 

A.O.A. 5° 

lwc 0.87 g/m 3 

MVD 17.1 /i/m 

r 


Remarks 


• Ice accretion approximately 3/8" thick 

• Uniform across span 


• Frost to trailing edge on lower surface 
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TABLE 39 - RUN 10 ICE SHAPE COORDINATES FOR SECTIONS A - 
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TABLE 39 - RUN 10 ICE SHAPE COORDINATES FOR SECTIONS A - E (con’t). 
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TABLE 39 - RUN 10 ICE SHAPE COORDINATES FOR SECTIONS A - E (con't). 
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(D) RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT 
OF CLEAN AIRFOIL VERSUS TIME. 

FIGURE 25 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 10 (con't). 
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TABLE 40 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 10. 
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TABLE 42 - TEST CONDITIONS FOR RUN NUMBER 10. 


NASA LEWIS JGING RESEARCH FUNNEL; 


Run No. 10 

Configuration Cruise Wing 

Date 05-03-88 

P a „ 47 psig 

AP W 15.9 psid 

T -22° F 

avg “ 1 

100 mph 

Spray Duration 8 min 

Ice Accretion Type Rim@ 

A.O.A. 5° 

lwc 1 .38 g/m 3 

mvd 16 /im 


Remarks 

• Ice accretion approximately 7/8" thick 

• Uniform accretion across the span 

• Ice fingers formed on the lower surface 

• Frost on the lower surface 
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FIGURE 26 - BOEING 737-200 WING SECTION PROFILE - 0° FLAP CONFIGURATION. 
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TABLE 46 - BOEING 737-200 MID FLAP (FLAP 2) AIRFOIL COORDINATES - 

0° FLAP CONFIGURATION. 
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TABLE 47 - BOEING 737-200 AFT FLAP (FLAP 3) AIRFOIL COORDINATES - 
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WING T.E. (FLAPS STOWED) 
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FLAP CONFIGURATIONS. 









































FIGURE 29 - RUN 1 1 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 48 - RUN 1 1 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTIONS A - 
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TABLE 48 - RUN 1 1 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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TABLE 50 - RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT OF CLEAN 

AIRFOIL FOR RUN NUMBER 1 1 . 
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TABLE 51 - TEST CONDITIONS FOR RUN NUMBER 1 1 . 


NASA LEWIS ICING RESEARCH TONNEfc 


Run No. 1 1 


Configuration 5° Flap 


\ir 25 psig 

ap w 20 psid 

T «, 25“ F 

Spray Duration 2 min + 2 min 

Ice Accretion Type MiX@d 


Date 05-04-88 


v x 100 mph 



lwc 0.48 g/m 3 


mvd 13.4/L/m 


Remarks 


• This run was to simulate an intermittant icing condition. The spray 
was run for 2 minutes then turned off. A picture was taken at this time. 

The spray was then turned on for another 2 minutes. Tracings were made 
after the 4 minute mark. There was frost on the lower surface behind 

the slat and on the last trailing edge flap lower surface. No force balance 
measurements taken with frost removed. 

• Uniform across span 

• Ice accretion on Leading Edge Slat approximately 1/8" thick 
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FIGURE 31 - RUN 12 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 52 - RUN 12 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTIONS A - 
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TABLE 52 - RUN 12 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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3.50 

3.25 

3.00 

2.75 

2.50 

2.25 

2.00 

1.75 

1.50 

1.25 
1.00 
0.75 
0.50 
0.25 
0.00 
-0.25 
-0.50 


° CLEAN AIRFOIL 
° ICED WITH FROST 
* ICED WITHOUT FROST 



-2 0 2 4 6 8 10 12 14 16 18 20 22 24 

a, degs. 


(A) C, VERSUS a 

FIGURE 32 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 12. 
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210 240 270 300 330 360 390 420 450 480 510 540 570 600 630 660 690 


TIME, SEC. 

(D) RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT 
OF CLEAN AIRFOIL VERSUS TIME 

FIGURE 32 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 12 (con’t). 
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TABLE 55 - TEST CONDITIONS FOR RUN NUMBER 12. 


NASA 


LEWIS 


ICING 


RESEARCH 


TUNNEL 


Configuration 5° Flap 


Date 05-04-88 


p fl/ . 39 psig ap 1 8 psid 


t 25° F 

nvg 1 


Spray Duration 1 1 fTlin 


Ice Accretion Type MiX6d 


v w 100 mph 



lwc 0.46 g/m 2 


MVD 12jL/m 


Remarks 


• Ice accretion on Leading Edge Slat approximately 1/4" thick 

• Ice accretion on leading edge of Flaps 1 & 2 approximately 1/8" thick, 
too small to trace 

• From on lower surface behind leading edge of Main Wing Section and heavy 
frost on lower surface of Flap 3. 

• Pitch pause taken with all this ice on model. 

• Frost and ice on flap leading edges removed and a second pitch pause 
was taken. 

• Data system screen blanked out during second pitch pause. System reset 
and pitch pause was repeated. 

• This problem caused the first 30 seconds of the ice accretion data 
to be lost. 
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FIGURE 33 - RUN 13 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 56 - RUN 13 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTIONS A - 
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TABLE 59 - TEST CONDITIONS FOR RUN NUMBER 13. 




Run No. 1 3 

Configuration 5° Flap 

Date 05-04-88 

p „lr 70 P si 9 

ap w 15.1 psid 

W 17° F 

100 mph 


Spray Duration 4 min + 4 min 

Ice Accretion Type MiX@d 

A.O.A. 5° 

lwc 0.42 g/m 3 

MVD 1 3.4 /L/m 


Remarks 


• This run was a 4 min + 4 min run as was done in run number 1 1 . 

• Frost was removed from the lower surface and the pitch pause was 
performed a second time as in run #12. The flap leading edge ice was left 
on for this run. 

• The condition was mixed and the glaze portion was not transparent but 
not yet fully opaque. 

• Ice accretion on Leading Edge Slat approximately 1/8" thick. Uniform across 
span, and effects covered approximately 1/2" at each wing wall juncture. 


• Ice accretion on leading edge of Flaps 1 & 2 < 1/16" thick, too small to trace. 


• Frost on entire lower surface of Main Element and Rap 3. 
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FIGURE 35 - RUN 14 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 60 - RUN 14 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTIONS A - 
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TABLE 60 - RUN 14 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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FIGURE 36 - RUN 14 ICE SHAPE TRACINGS FOR MID FLAP (FLAP 2), SECTIONS A - 


TABLE 61 - RUN 14 ICE SHAPE COORDINATES FOR MID FLAP (FLAP 2), SECTIONS A - 
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(A) C, VERSUS a 

FIGURE 37 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 14. 
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(C) C m VERS US a 


FIGURE 37 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 14 (con’t). 
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(D) RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT 
OF CLEAN AIRFOIL VERSUS TIME. 

FIGURE 37 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 14 (con’t). 
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TABLE 62 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 14. 
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TABLE 63 - RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT OF CLEAN 

AIRFOIL FOR RUN NUMBER 14. 
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TABLE 64 - TEST CONDITIONS FOR RUN NUMBER 14. 


NASA LEW 

ISICING 

RESEAR 


Run No. 14 

Configuration 5° Flap 

Date 05-04-88 

P alr 80 psig 

Af^ 66 psid 

W -10° F 

v x 100 mph 

Spray Duration 8 min 

Ice Accretion Type Rjm6 

o 

in 

< 

o 

< 

lwc 0.9 g/m 3 

mvd 


Remarks 


• Frost on entire lower surface except in region behind slat and in 
front of main wing leading edge. The frost was quite heavy. 

Frost also appeared on the upper surface of the trailing edge flaps. 

• Ice accretion on leading edge of Slat approximately 5/16" thick. 

• The ice was uniform across the span. 

• Ice shape tracing for Flap 2, Section C 2 not available. 
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FIGURE 38 - RUN 15 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTION A - 


TABLE 65 - RUN 15 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - 
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TABLE 65 - RUN 15 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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(A) C ( VERSUS a 

FIGURE 39 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 15. 
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J I I I L 

-4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 

a, degs. 


(B) VERSUS a 

FIGURE 39 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 15 (con’t). 


6 









(D) RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT 
OF CLEAN AIRFOIL VERSUS TIME. 


FIGURE 39 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 15 (con't). 
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TABLE 66 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 15. 
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TABLE 68 - TEST CONDITIONS FOR RUN NUMBER 15. 


NASA LEWIS ICING RESEARCH TUNNEL 


Run No. 1 5 

Configuration 1° Flap 

Date 05-05-88 

p .i, 80 psig 

ap w 72.5 psid 

t «B 25“ F 

v w 100 mph 

Spray Duration 5 min 

Ice Accretion Type Mixed 

A.O.A. 5° 

lwc 0.92 g/m 3 

mvd 14.4 /i/m 


Remarks 

• Light frost on lower surface. 

• Region near center was clear bounded by opaque regions. Very granular 
appearance. Seemed to be less ice near section A. 

• The opaque regions were actually mixed and not the milky white 
rime ice seen at lower temperatures. 

• Ice accretion on leading edge of Slat approximately 3/16" thick. 

• Ice accretion on leading edge of Flap 2 < 1/16" thick, too small to trace. 
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FIGURE 40 - RUN 16 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 69 - RUN 16 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - 
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TABLE 69 - RUN 16 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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TABLE 71 - RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT OF CLEAN 

AIRFOIL FOR RUN NUMBER 16. 


o 

rj 


























b 

r \ 

02 


o 

CO 

00 

r* 

03 


03 

CO 

02 

CO 

CO 

o 

2^ 

03 

03 

o 


00 


00 

to 

’■'t 

03 


03 

02 

03 

02 






03 

r- 

1 

o 

r- 

o 

02 

02 

t-H 

to 

CO 

to 

CO 

to 


CO 


r- 

00 

r- 

00 

00 



r- 

oo 

r- 

r- 

oo 

oo 

r- 

00 

00 

00 

00 

00 

00 

00 

00 

oo 

oo 

00 

r\ 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

s 

o 

d 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 



























CO 

tO 

CO 

CO 


02 

00 

CO 


CO 

ii 

02 

07 

02 

00 

03 

r- 




03 

o- 

to 


CO 

o 

02 

o 


to 

02 

T-H 

CO 

tH 

CO 

CO 

CO 

CO 

0- 


o 

o 

to 


00 

to 

O 

CO 


CO 


\ 

CO 

t- 

CO 

00 

00 

03 

rH 

▼-1 

o 

02 

02 

CO 

03 

03 

o 

o 

1 

rH 

02 

02 

CO 

to 


to 

2> 



T_l 





02 

02 

02 

02 

02 

02 

02 

02 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

xi 

i-l 

1-1 

T-l 

i-H 

1-H 

i-i 

i-H 

1-1 

T-t 

i-i 

iH 

1-H 

i-i 

i-H 

i-H 

r-H 

1-t 

1-t 

1-H 

i-H 

1-1 

1-H 

1-H 

1-1 

1-H 

o 


























o 



























i-H 

o 

r- 

o 

02 

03 

i-l 

r- 

CO 

CO 

02 


03 

03 

CO 

03 

00 

CO 

02 

to 

i-H 

00 

f'- 

00 

i-H 

o 

00 

o 

CO 

o- 

02 


CO 

2> 

o- 

CO 


00 

tO 

CO 

02 

o 

CD 

r- 

O 

CO 

03 

to 

CD 

CO 

CO 


1-H 

02 

o 

o 

O 

03 

03 

00 

00 

oo 

c- 

2> 

CO 

CD 

CO 

CO 

to 


to 

Tf 

’'t 


CO 

CO 

CO 


o 

O 

o 

o 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 


i-t 

i-t 

i-H 

i-i 

1-i 

d 

d 

d 

d 

o 

o 

d 

o 

o 

o 

d 

o 

o 

o 

d 

o 

o 

o 

o 

d 

O 


























Eg o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

S fVl 

CO 


00 

03 

o 

i— i 

02 

CO 


to 

CO 


00 

03 

o 

1-H 

02 

CO 


to 

CO 

o- 

00 

03 

o 

1 1 r-H 

00 

CO 

CO 

CO 





tj* 





Tf 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

CO 

E-h co 



























o 





































b 

o 

o 

1-H 

03 

03 

00 


CO 

03 


03 

CO 

^H 

00 

r- 

C\7 

03 

to 

CO 

CO 

CO 

CO 



03 

02 

tO 


CO 

r- 

03 

to 

to 

CO 


to 


o 

02 


0 - 

o 

CO 

to 

CO 


r- 

Tj« 

CO 

03 

rt* 

03 

03 

l> 



co 


CO 

co 

CO 


o 

CO 

02 

r- 


02 

co 


CO 

CO 


\ 

o 

O 

o 

o 

t-H 

o 

o 

o 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

ao 

03 

CO 

00 

CO 

00 

00 

00 

a 

o 

q 

o 

o 

o 

O 

o 

o 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

o 


,—l 

■'“* 

** 



' rH 


o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

O 

o 

O 

O 

O 

o 

O 

o 

d 

d 

d 

d 

o 

o 

d 

d 

d 

d 

O 






































o 

to 

00 

1-H 

00 

o 

to 

CO 


Tf 

to 

00 

i-H 

00 

00 

o 

o- 

O 

CO 

to 

O 

tO 

CO 

CO 

Tt 


i-H 


CO 

03 

o 

1-H 

o 

co 

CO 

03 


o 


03 

CD 

CO 

o 

CO 

00 

CO 

00 

CV2 

to 

o 

00 

Tl* 

1 

02 

02 

02 


CO 

*— « 

*— < 

r- 

o 

02 

o 

to 

00 

CO 


to 


03 


02 

\ 

o 

o 

O 

CD 


to 


to 

CO 

co 

co 

to 

CO 

Tf 

CO 

CO 

CO 


CO 

03 

CO 

o 

03 

o 


to 

co 

co 

co 

2^ 

to 

co 

ao 

co 

02 

02 


o 

o 

O 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

o 

03 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 



xi 

1-1 

1-H 

1-H 

O 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

1-i 

o 

1-H 

i-H 

1-H 

i-H 

i-H 

i-H 

i-H 

1— 1 

i-H 

1-H 

1-H 

i-H 

i-H 

o 





































o 






































o 

03 

00 

O 

CO 

o 

02 

o- 

o- 

to 

03 


1-H 

1-H 

CO 

co 

03 

o- 


to 

02 

co 

CO 

to 

00 

1-H 

02 

to 

02 

CO 

to 

CO 

CO 

02 

CO 

00 

o 

o 

02 

03 

1-H 

o 

02 

03 

co 

CO 

03 

O 

to 

o 

1-H 


to 

r- 


02 

02 

i—t 

CO 

02 

02 

02 

CO 


03 

00 

r- 

03 

o 

r- 

O 

■'T 

to 

\ 

o 

i—i 

00 

02 

CO 

CO 

to 

CO 

to 

CO 

£"• 

r- 

03 

o 

1—1 

02 

1—t 

02 

1-H 

1-H 

i-t 

03 

o 

03 

CO 

ao 

co 

r- 

CO 

to 


to 

CO 


CO 

02 


o 

o 

o 


o 

o 

o 

o 

o 

o 

o 

o 

o 


’-J 

•*-) 



q 

HH 

■q 

o 

X 

o 

o 

o 

o 

o 

o 

q 

o 

o 

q 

o 

o 

o 

1 

1-H 

i-t 

1-H 

i-t 

i-H 

i-t 

1-t 

1-1 

i-H 

i-H 

i-H 

i-t 

1-H 

1-H 

1-i 

i-i 

i-i 

i-i 

i-i 

i-i 

i-i 

i-i 

1-i 

1-i 

i-i 

i-i 

i-i 

i-i 

T— 1 

1-i 

1-i 

1-i 

i—t 

i-i 

1-i 

r-i 

o 





































S a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

O 

o 

o 

O 

O 

O 

O 

o 

o 

o 

o 

o 

O 

o 

o 

S r£] 


i—i 

02 

CO 


to 

CD 


00 

03 

o 

i-H 

02 

CO 


tO 

CO 


CO 

03 

o 

1-H 

02 

CO 


to 

CO 


00 

03 

o 


02 

CO 


to 

p (/} 





















02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

CO 

CO 

CO 

CO 

CO 

CO 


191 









TABLE 72 - TEST CONDITIONS FOR RUN NUMBER 16. 


msMm 

IS ICING 


Run No. 16 

Configuration 1 0 Flap Date 05-05-88 

p alr 80 psig 

72.5 psid 

W 25' F 

v x 100 mph 

Spray Duration 1 0 mifl 

Ice Accretion Type GlaZ6 

A.O.A. 0° 

lwc 0.92 g/m 3 

mvd 14.4/im 


Remarks 


• Ice growth started at leading edge and covered about 1" of upper surface 
followed by about 2" of fingers on upper surface 

• Frost was on a portion of the main airfoil lower surface and on the 
flaps. There was about 1/8" on the leading edge of the second flap. 

• Ice accretion on leading edge of Slat approximately 5/8" thick. 

• Some ice was broken off the leading edge during photographing process. 
The second pitch-pause was not take due to this problem. Thus, no 
force balance data was obtained with the frost removed. 
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FIGURE 42 - RUN 17 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 73 - RUN 17 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - 
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TABLE 73 - RUN 17 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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FIGURE 43 - RUN 17 ICE SHAPE TRACINGS FOR MID FLAP (FLAP 2), SECTIONS A - 




TABLE 74 - RUN 17 ICE SHAPE COORDINATES FOR MID FLAP (FLAP2), SECTION A - 
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(D) RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT 
OF CLEAN AIRFOIL VERSUS TIME. 

FIGURE 44 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 17 (con’t). 
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TABLE 75 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 17. 
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TABLE 77 - TEST CONDITIONS FOR RUN NUMBER 17. 


NASA LEWIS IGING RESEARCH 


Run No. 17 


Configuration 1° Flap 


Date 05-05-88 


P air 80 PS'Q 


ap 72.5 psid 


t 25° F 

avg 1 


\ 100 mph 


Spray Duration 10 min 


Ice Accretion Type GISZ© 


A.O.A. 5° 


lwc 0.92 g/m 2 


mvd 14.4 pm 


Remarks 


• Frost on undersurface as in previous cases. No ice behind Slat and 
before leading edge of Main Airfoil surface. Frost on all flap lower 
surfaces. Very light frost on upper surface. 

• Ice accretion on Leading Edge Slat approximately 1/2" thick. 

• Horns developed on the Slat leading edge. Ice accretion on Leading Edge 
Slat approximately 1/2" thick. Almost all of this accretion was clear 

ice with a small amount of opaque ice at the edges on the upper surface. 

• Ice accretion on leading edge of Flap 2 approximately 1/8" thick. The 
third flap had ice fingers starting just below the leading edge and 
extending to the trailing edge. 

• Ice broke off from Section B during the cutting process and tracings were 
not taken. 

• Ice shape tracings for the Leading Edge Slat, Section B and Flap 2, Section C 2 
not available. 
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FIGURE 45 - RUN 18 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 



TABLE 78 - RUN 18 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - 
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CM 

o 

it 

o 

H 4 

't 

o 

CO 

CM 


X 

ID 

CO 

i—i 

CO 

2^ 

ID 

CM 

05 

CO 

CO 

o 

00 

ID 

CO 

1—1 

00 

CO 

co 

CO 

CO 

1—1 

00 

iD 

CO 

CM 

1—1 

o 

o 

05 

04 

05 

I s - 

CO 


CO 

CO 

CO 

iD 

iD 

iD 

ID 





cq 

cq 

cq 

cq 

CM 

CM 

CM 

CM 

CM 

CM 

iq 

iq 

iq 

•q 

iq 

•q 

•q 

o 

o 

o 

o 

q 



o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 
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TABLE 78 - RUN 18 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 






iO 

CD 

CO 

CD 

CO 

-tf 4 

02 

05 


02 

^t 4 

CO 

05 

CO 

co 

05 

r- 

'Ct 4 

r- 

00 


CO 

o 

o 

CO 

CO 


CO 

02 

o 

00 

00 



JZ| 

’'t 

^rH 

05 

r- 

iD 

H 4 

^t 4 

CO 

o 

00 


05 

CO 

02 


o 

CO 

05 

02 

r- 

o 


trH 

ID 

00 

02 

o 

ID 

02 

05 


ID 

CO 




05 

05 

CD 

CO 

CD 

00 

00 

00 

00 



CO 

CO 

CO 

ID 

ID 


CO 

CO 

02 

02 

t-H 

t-H 

o 

05 

05 

05 

00 

00 

C'- 


r- 





CO 

CO 

r- 

iD 

r- 

fH 

ID 

CO 

CO 

ID 

CO 

05 

CO 

t-H 

t-H 

r- 

t-H 

ID 

05 

t-H 

ID 

t-H 

CO 

CO 

CO 

O 

CO 

^t 4 

00 


02 

02 

CO 

o 


X 

CO 

02 

o 

05 


ID 

CO 


05 


ID 

CO 

CO 

CO 

CO 

co 



ID 

co 

co 


r- 


CO 

ID 

CO 

t-H 

05 


CO 

ID 

CO 


iD 

iO 

ID 

H 4 


st 4 



CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

02 

02 

02 

02 

02 



o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

E-* CxQ 



































O 




05 

CD 

CO 

CO 


05 

iD 

05 

05 

CO 


o 

CO 

C\J 

00 

00 


00 

ID 

CO 

o 



CO 

ID 

ID 

05 

_ 

05 

ID 

CO 

02 

{-£] 


in 

CD 


CO 

02 

CO 

05 


00 


ID 


t-H 

00 

ID 

02 

05 

co 

ID 


02 

05 

05 

CO 

02 

CO 

05 


ID 

o 

t-< 



t-H 

m 


CO 

CO 

02 

02 

fH 

o 

o 

05 

05 

00 



CO 

CO 

CO 

ID 

id 

id 

ID 

ID 

^t 4 

^t 4 

^t 4 


CO 

02 

02 

t-H 

t-H 

o 

05 

05 

05 



CO 

ID 

t-H 

05 

iD 

05 

05 

CM 

o 

00 


02 

02 

CO 

CO 

02 

00 


02 

O 

CO 

o 

02 

CO 

02 

02 

o 

00 

00 

o 


t-H 




x 

CO 

H 4 

iD 

ID 

CO 

CO 

CO 


00 

00 

o 

02 

CO 


CO 

05 

t-H 

CO 

CO 

00 

o 

02 


CO 

05 

t-H 

02 

CO 

^J 4 

CO 

CO 


CO 



o 

o 

O 

O 

O 

o 

O 

o 

o 

o 



*-l 


*“• 


02 

02 

02 

02 

CO 

CO 

CO 

CO 

CO 




Nt 4 



^J 4 

Nt 4 




o 

1 

o 

o 

1 

O 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

o 

1 

o 

1 

o 

1 

O 

1 

o 

1 

o 

o 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

l 

o 

1 

o 

1 

o 

1 

o 

1 




r- 

CO 


r- 

o 

CO 


ID 

r- 


ID 

Tt 4 


05 

CO 

02 

05 

r- 

CO 

o 

CO 


05 


05 

00 

ID 

0“ 

05 

ID 

CO 

ID 

r- 



a 

o 

05 

t-H 


05 

ID 

02 

O 

00 

ID 

t-H 

C0 

t-H 

CO 

t-H 

t-H 


t-H 

ID 

o 

00 

02 

CO 

t-H 

CO 

o 

CO 

05 

ID 

00 

00 

02 

05 



•ft 

CD 

CO 

CO 

ID 





CO 

CO 

CO 

02 

02 

t-H 

t-H 

o 

05 

05 

00 

00 

CO 

CO 

ID 

ID 



CO 

CO 

xf 4 



id 

ID 




CD 

O 

00 


CD 

o 

02 

o 

o 

02 

CO 

O 

02 


02 

02 

t-H 

05 

ID 


05 

ID 

ID 

t-H 

C- 

t-H 

t-H 

05 

05 

t-H 

CO 

ID 

ID 

;z; 


>~h 

r*- 

H 4 

o 

CD 

H 4 

02 

05 

00 

r- 

CO 

ID 

ID 

ID 

ID 

iD 

iD 

ID 

iD 

CO 

CO 

ID 

ID 


CO 

t-H 

05 


lf5 



02 

t-H 

O 

o 

»— i 



ID 

ID 

ID 



H 4 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

02 

02 

02 

02 

02 

02 

q 

q 



o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

HQ 



































o 



r- 

ID 

ID 

o 


CO 

05 


Nt 4 

id 

00 

r*- 

H 4 

r- 

CO 

CO 


r- 

^t 4 


iD 

co 


05 

oo 

^t 4 

O 

_ 

o 

r- 

CO 

H 4 

r- 



m 

o 

CO 

r- 

CO 


CO 

00 

ID 

CO 

02 

02 

CO 

r- 

o 

CO 

05 

CO 

r- 

CO 


t-H 

CO 

CO 

t-H 

05 


O 

^t 4 


02 

CO 

t-H 

co 

C/3 


iD 


CO 

CO 

02 

iH 

o 

O 

o 

O 

o 

o 

o 

t-H 

t-H 

T-H 

02 

02 

CO 

CO 


^t 4 



CO 

CO 

CO 

02 

t-H 

t-H 

o 

o 

05 


' 

CD 

ID 

1—1 

CO 


r- 

ID 

ID 

r- 

ID 


CO 

CO 

t-H 

t-H 

05 

CO 

05 

ID 



r^- 

CO 

r- 


r- 

CO 

ID 


CO 

ID 

ID 

02 





O 

02 

CO 

CO 

CO 

CO 

CO 

CO 


ID 

r- 

05 

t-H 

CO 

CO 

05 

O 

CO 

ID 

05 

t-H 

CO 


ID 

CO 

r- 

ID 

02 

t-H 

O 

00 

ID 



X 

O 

O 

O 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

t_i 


T “ l 


02 

02 

02 

02 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

02 

C2 




o 

o 

l 

o 

1 

o 

1 

o 

1 

o 

l 

o 

1 

o 

l 

o 

l 

o 

l 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

o 

O 

1 

o 

1 

O 

1 

o 

1 

o 

i 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 




05 

o 

05 

f 4 - 

05 

»D 

CO 


o 


00 

ID 

o 

05 

00 

co 

05 

ID 

o 

02 


o 

CO 

id 


o 

ID 

05 

ID 



CO 




g 

CO 

CO 

t"H 

CO 


O 

t-H 

o 


o 

CO 

r- 

05 

CO 

ID 

CO 

00 

t-H 

02 

ID 

t-H 


ID 

CO 

CO 

02 

t-H 

CO 

05 

CO 

t-H 

r- 

02 






02 

CO 

iD 


00 

05 

05 

o 

05 

00 

r- 

CO 

ID 


CO 

CO 

02 

t-H 

o 

05 

00 

00 

00 

05 

o 

t-H 

02 


CO 


05 




05 

05 

CO 


CO 

ID 


t-H 


CO 

r- 

05 

CO 

ID 

05 

05 

ID 


05 

t-H 

t-H 


00 

02 

00 


r- 

05 

t“H 

05 

05 

t-H 

CO 



X 

02 


o 


CO 

iH 

05 

00 

CD 

ID 

iD 

ID 

CO 


00 

05 

o 

o 

O 

t-H 

02 

02 

02 

02 

o 

05 



CO 

O 

00 

z> 

iD 


ID 

ID 

ID 

H 4 


H 4 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 


^t 4 


Nh 



’‘t 

^t 4 

^l 4 

CO 

CO 

CO 

CO 


q 

02 

02 

o 

C\2 


d 

d 

O 

d 

d 

d 

d 

o 

o 

d 

d 

o 

d 

d 

d 

d 

o 

d 

o 

o 

o 

d 

d 

d 

d 

d 

d 

O 

d 

d 

d 

d 

d 

H 

o 



































o 

w 


ID 

05 


02 


CO 

ID 

CO 

CO 


o 

ID 


05 

CO 

co 

05 

ID 


r- 


ID 

CO 

o 

CO 


05 

ID 

z> 

00 


CO 

00 


jzj 

05 

CO 

02 

-st* 


05 


o 

CO 

CO 



ID 

00 

02 

ID 

CO 


00 

00 

t-H 

02 

CO 

C2 

00 

^t 4 

05 

02 


t-H 

co 

t-H 

CO 

CO 



CO 

CO 

CO 

02 


O 

o 

o 

05 

05 

05 

05 

05 

05 

O 

O 

o 

o 

o 

o 

t-H 

t-H 

t-H 

t-H 

o 

o 

05 

05 

00 

00 

c- 


co 




CO 

CO 



ID 

05 

05 

o 

o 

02 

02 

CO 

00 

CO 

05 

ID 

05 

t-H 

CO 

ID 

iD 

05 

05 

ID 

CO 

C\2 

O 

00 

00 

o 

CO 

CO 



X 

02 

CO 


ID 

^t 4 

CO 

02 

02 

CO 


CO 

00 

O 

02 


ID 

r- 

05 

CO 

ID 

00 

o 

02 

’it 4 

CO 

r- 


C- 

ID 

CO 

02 

05 

t- 



O 

o 

o 

O 

o 

o 

O 

o 

o 

o 

O 

O 



t-H 

i-i 

T- ' 

T “ 1 

02 

02 

02 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

q 

02 




o 

1 

d 

1 

o 

1 

O 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

l 

O 

o 

1 

o 

l 

o 

1 

o 

1 

o 

d 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

l 

o 

1 

o 

l 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 




H 4 

02 

02 

o 

05 

00 

ID 


00 

CO 

CO 

02 

o 

05 


02 

05 

r- 


r- 


o 

o 

00 



o 

02 


C2 

co 


r- 



Pi 

02 

CD 

CO 

CD 

02 


CO 


1—1 

CD 

o 

CO 

CO 

CD 


05 

CO 

co 

co 


CO 

05 

CO 

05 

CO 

▼“I 

05 

ID 

T-< 

05 


TH 

ID 



•r~< 


CO 

CO 

02 

02 



o 

O 

05 

05 

00 


CO 

co 

ID 

ID 

iD 

ID 

ID 

co 

co 

C- 

r- 

00 

05 

05 

O 

T-H 

1—1 

02 

CO 

CO 



• 


1— 1 

05 


05 

r- 

T-t 

05 

CO 

02 

CO 

o 

02 


o 

O 

o 

00 


CO 

^t 4 

00 

00 

02 

CO 

02 

00 

CO 

id 

r^- 

i—i 

05 

Z> 

;z; 


>-. 

05 

05 

CD 

CD 


05 

O 

O 


i— t 

1—1 

02 

02 

02 

02 

T-t 

o 

00 

r- 

ID 


02 

o 

05 


o- 

CO 

CO 


02 

1—1 

00 

r- 

Q 



02 

02 

02 

02 

02 

02 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

q 

CO 

CO 

CO 

q 

q 

02 

02 

q 

02 

q 

q 

q 

q 

q 


q 

q 

o 

q 

►— 1 

t—l 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

d 

o 

o 

d 

e- 

O 



































o 



H 4 

05 

05 


r- 

CO 


o 


02 

00 

05 

o 

ID 


CO 

co 

ID 

I> 

o 

02 

05 

TH 

05 

00 

CO 

o 


05 

CO 

CO 

CO 

w 


in 




CO 

CD 

o 

CD 

ID 

02 

05 

CO 

r- 

1—1 

CO 

o 

i—i 

ID 


T-t 

00 

05 

00 

CO 


o 

CO 

02 

CO 



co 

TH 

o 

CO 


CO 

ID 

ID 


CO 

H 4 

CO 

CO 

CO 

02 

02 

i—i 

T-t 

o 

o 

05 

00 


r- 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

r- 

t- 

r- 

r- 







O 

o 


^J 4 


00 

00 

CO 

CO 

CO 

02 

00 


02 

0- 

1—1 

05 

05 

i—i 

r- 

CO 


T-H 

r- 

05 

i—i 

1-H 

o- 

r- 

ID 

T— 1 

i—i 




CO 

CD 

o 

02 

H 4 

ID 

CO 

00 

o 




05 

02 


co 

00 

05 

o 

o 

00 

J> 

ID 

ID 


t-H 

05 

r- 

ID 

CO 

02 

1-H 

o 



X 

o 

o 


tH 




T-t 

02 

02 

02 

q 

q 

CO 

CO 

CO 

CO 

CO 

h; 

h; 

CO 

CO 

CO 

CO 

CO 

CO 

q 

q 

02 

q 

02 

q 

q 




o 

1 

o 

1 

o 

l 

o 

1 

o 

l 

o 

1 

o 

1 

o 

1 

o 

1 

O 

1 

o 

l 

o 

1 

o 

1 

o 

1 

d 

l 

o 

l 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

O 

1 

o 

1 

O 

1 

d 

1 

d 

1 



c 

02 


CD 

CO 

CO 


CO 

CO 

o 

00 

2 


CO 

02 

H 4 


ID 


ID 

r- 

o 

05 

CO 

r- 


05 

02 

r- 

^t 4 

ID 

r- 

02 

co 



CO 


CO 

i> 

r- 

r- 

CO 


02 

00 


CO 

05 

CO 

00 

CO 

CO 

o 

CO 

r- 

00 

CO 

o 


CO 

00 

ID 

05 


05 

00 

CO 

02 





H 4 

H 4 

H 4 

h* 


^l 4 

CO 

CO 

02 

02 

i—i 

o 

O 

05 

05 

00 

CO 


CO 

CO 

CO 


r- 

00 

00 

05 

05 

o 

O 

T— 1 

02 

CO 



- 

z> 




05 


05 

CO 

r- 


ID 

CO 

ID 

05 

CO 


o 

CO 

CO 

02 

02 


00 

o 

o 

O 

O 

CO 

ID 


05 

ID 

i— i 




ID 


02 

l-H 

05 

05 

CD 

05 

05 

05 

O 


02 

CO 

H 4 

ID 

CO 

CO 

CO 

CO 

ID 


T-l 

05 

r- 

ID 

CO 

l-H 

O 

00 

CO 

ID 

CO 

o 



CO 

CO 

CO 

CO 

02 

C2 

02 

01 

02 

02 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

02 

q 

02 

02 

02 

q 

q 

q 





o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

O 

o 

e-cq 






































h* 

02 

05 

02 

o 

05 



ID 

ID 

CO 

00 

05 

r- 

00 

05 

id 

1-t 

i-i 

i-i 


CO 

'Ct 4 

o 



o 

co 

tH 


CO 

05 

ID 

W 


_£ 


O 

H 4 

02 

05 

CO 

CO 

r- 

00 

00 

o 

02 

ID 

05 

T-t 

CO 

ID 


> 

CO 

CO 

1—1 

^t 4 

r- 

i— i 

CO 

1— 1 

r- 


05 


O 


CO 


05 

05 

CD 

CD 

r- 

r- 


o- 

r- 

r- 

00 

00 

00 

00 

05 

05 

05 

05 

05 

05 

05 

05 

00 


z> 

CO 

CO 

ID 

ID 


Nt 4 


CO 



CD 

CD 

O 

02 

CD 


00 

00 

00 

o 


o 

O 

CO 

o 

CO 

00 

00 

^f 4 

00 

02 

o 

o 

CO 

CO 


o 

o 

00 

00 

02 

02 

o 



1 

CO 

CO 

H 4 



ID 

CO 

CD 

o 

02 


co 

00 

05 

1— 1 

02 


CO 

05 

i— t 

02 

CO 

CO 

1—1 

o 

05 

00 


ID 


02 

i—i 

05 



X 

o 

o 

o 

o 

o 

o 

o 

o 

1-1 

'-J 

1~l 

t-H 

q 

q 

02 

02 

q 

q 

q 

CO 

CO 

CO 

CO 

CO 

CO 

q 

02 

q 

02 

02 

q 

q 





o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

l 

o 

1 

o 

1 

o 

l 

o 

l 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

O 

1 

o 

1 

o 

1 

d 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

O 

1 

o 

1 

o 

1 

o 

1 

d 

1 




02 


CO 

CD 

CO 

^t 4 

00 

ID 

05 


ID 

CO 



Nt 4 

ID 

z> 

00 

05 


CV2 

ID 

CO 

CO 

co 

t-H 

o 

00 

r- 

00 

o 

02 




Pi 

02 



r- 

H 4 

02 

05 

ID 

02 

05 

CO 


o 

CO 


i— t 

id 


i—i 

CO 

00 

ID 

1— t 


co 

o 

CO 

ID 

co 

H 4 

05 

CO 




•r-t 


o 

o 
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TABLE 78 - RUN 18 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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FIGURE 46 - RUN 18 ICE SHAPE TRACINGS FOR MID FLAP (FLAP 2), SECTIONS A - 


TABLE 79 - RUN 1 8 ICE SHAPE COORDINATES FOR MID FLAP (FLAP 2), SECTION A - 
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TABLE 80 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 18. 
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TABLE 81 - RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT OF CLEAN 
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TABLE 82 - TEST CONDITIONS FOR RUN NUMBER 18. 


NASA LEWIS ICING RESEARCH 


Run No. 18 

Configuration 1° Flap 

Date 05-05-88 

Pair 78 P si 9 

ap w 70 psid 

t .v9 

v x 100 mph 

Spray Duration 1 0 min 

Ice Accretion Type M iX©d 

A.O.A. 0° 

lwc 0.90 g/m 3 

mvd 14.4jum 


Remarks 


• Ice accretion on Leading Edge Slat approximately 1/2" thick. 

• Rime ice on the upper surface with a smaller mixed region near the leading 
edge. Ice was uniform across the span. 

• Ice accretion on the leading edge of Flap 2 < 1/8" thick, too small to trace. 
There were ice fingers extending from just under the leading edge of the 
third flap to its trailing edge. 

• Frost extended from approximately 30% chord position to the trailing edge. 

• Ice shape tracing for Flap 2, Section C 2 not available 
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FIGURE 48 - RUN 19 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 83 - RUN 19 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - 
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TABLE 83 - RUN 19 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 



in 































X 






























o 






























































HU 































H 

(U 






























U~1 
































x" 































q 

00 

o 

05 

r- 

CO 

to 

in 

q 

m 

CO 

co 

co 

q 

o 

7 s * 

o 

co 

05 

o 

00 

05 

q 


00 








t-H 

CO 

CM 

05 

CO 

CO 

j> 

co 

00 

t-H 

q 

CO 

00 

CM 

m 

rH 

q 

05 

CO 

7 s - 

O 

t-H 

m 

O 








00 

05 

05 

00 

ao 

7^ 

CO 

in 

q 

q 

co 

CM 

T-H 

t-H 

o 

o 

05 

00 

CO 

7 s - 

7 s 

co 

in 

m 






2 


O 

00 

o 

q 

co 

O 

q 

00 

q 

CO 

CM 

O 

CO 

CO 

co 

CO 

7^ 

7 s - 

7 s - 

7 s - 

05 

t“H 

m 

05 







q 

t-H 

o 

o 

o 

t-H 

CM 

CO 

q 

q 

in 

CO 

CO 

CO 

CO 

CO 

CO 

co 

co 

CO 

CO 

7 s - 

7 s 

o 






O 


o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

O 

O 

O 

O 

o 






H Q 
O 

w 


o 

o 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

o 

1 

o 

1 

o 

1 

o 

1 

o 

o 

1 

o 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 







CD 


CO 

CM 

q 

r- 

q 

o 

7> 

05 

CM 

00 

m 

co 

o 

CM 

in 

00 

05 

7^ 

q 

m 

7 s - 

05 






Pi 

lO 

CM 


r- 


q 

CM 

CM 

q 

7^ 


CM 

m 

rH 

7- 

rH 

m 

05 

m 

O 

m 

7 s - 

q 

CO 






CO 

•rH 

CM 

CM 

rH 

T-t 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

q 

q 

m 

m 

m 

CO 

7 s - 

7 s - 

T-H 

T-H 

t-H 







CO 

CO 

t-H 

7^ 

7^ 

05 

CO 

05 

rH 

CO 

in 

05 

rH 

7 s - 

CO 

m 

m 

7^ 

▼H 

r-H 

05 

CM 

CO 

CO 







X 

CO 

lO 

m 

q 

CM 

O 

o 

CO 

7 s - 

m 

co 

T-H 

o 

r- 

m 

co 

r-H 

05 

r- 

m 

CM 

O 

t-H 

CM 







CO 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

i -1 

i-t 

i-t 

it 

O 

o 

o 

O 

O 

o 

O 








o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

d 

1 

o 

1 

o 

1 

o 

1 

o 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

d 

1 

o 

1 

o 

o 

o 








00 

lO 

CM 

to 

to 

05 

CO 

05 

r- 

m 

05 

q 

CO 

05 

ao 

05 


m 

m 

m 

CO 

00 

o 

o 







_g 

7 s 

CO 

CO 

CM 

o 

CO 

00 

05 

CM 

ao 

m 

m 

m 

ao 

co 

m 

co 

q 

CO 

00 

00 

o 

CO 

00 







q 

CO 

r- 

00 

05 

05 

05 

05 

O 

05 

05 

05 

ao 

7^ 

co 

m 

q 

CO 

CM 


o 

o 

05 

00 








iO 

CO 

iO 

05 

CO 

CO 

CO 

t-H 

CM 

05 

m 

t-H 

t-H 

m 

05 

m 

CO 

co 

rH 

rH 

05 

05 

O 

o 






£ 

- 

CM 

q 

lO 

CO 

00 

05 

o 

t-H 

CM 

CM 

co 

q 

q 

q 

q 

q 

q 

q 

q 

q 

CO 

CO 

q 

q 






X 

O 

o 

o 

O 

o 

O 

1-t 

t-H 

i-t 

1-t 



i-* 

i“* 

i-t 

i-t 

i-t 

i-t 

i-t 

i-t 

1-t 

1-t 

i-t 

i-t 






2 w 


o 

1 

o 

1 

d 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

d 

1 

o 

1 

o 

l 

o 

l 

o 

1 

o 

1 

o 

l 

o 

1 

d 

1 

d 

1 

o 

1 

o 

l 

o 

1 

o 

1 

o 

1 

d 

1 








00 

CM 

o 

00 

q 

CO 

q 

05 


05 

05 

CM 

ao 

co 

7^ 

05 

co 


q 

q 

ao 

CM 

o 

o 






w 

Pi 

00 

05 

CO 


CM 

CO 

in 

05 

t-H 

CO 

00 

t-H 

t-H 

CO 

7> 

*-H 

7- 

co 

m 

CO 

q 

t-H 

co 

CM 






CO 


T-H 

t-H 

t-H 

o 

CO 

m 

CO 

O 

00 

CM 

ao 

co 

t-H 

CO 

05 

m 

05 

m 

CM 

00 

m 

05 

CM 

CO 







CO 

o 

o 

CM 

05 

T-H 

r- 

05 

CO 

CO 

05 

05 

t-H 

q 

CO 

7^ 

q 

CM 

ao 

7- 

q 

CM 

7 s - 

7^ 







X 

00 

05 

05 

ao 

CO 

in 

CO 

rH 

05 

m 

CM 

O 

r- 

CO 

ao 

q 

o 

r- 

q 

t-H 


q 

CO 

05 







q 

q 

q 

q 

q 

q 

q 

q 

CO 

CO 

CO 

CO 

CM 

CM 

r-H 

,r * 

ft 

o 

o 

o 

o 

o 

O 

o 








o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

l 

o 

1 

o 

1 

o 

o 

o 

d 








CO 

05 

05 

CM 

CO 

o 


co 

00 

m 

CM 

CO 

05 

7- 

o 

CM 

co 

o 


ao 

05 

o 

CO 








Pi 

q 

CO 

to 

CO 


o 

CM 

CO 

co 

CM 

r- 

m 

CM 

05 

co 

O 

CO 

7^ 

o 

co 

in 

05 

o 









a> 

00 

7 s - 

CO 

to 

q 

CO 

CM 

1— t 

i—i 

o 

o 

O 

05 

05 

05 

CO 

7- 

7 s - 

co 

m 

q 

q 









CO 

o 

oo 

o 

CM 

o 

O 

CO 

ao 

CO 

CO 

o 

CM 

i—i 

m 

m 

05 

CO 

05 

7 s - 

7 s - 

7 s 

i—i 








X 

lO 

7 s - 

co 

o 


CM 

CO 

CO 

CO 

CO 

CM 

CM 

i—i 

O 

05 

05 

05 

o 

O 

i-t 

CM 

CM 

CO 







2 - 

o 

o 

o 

1-1 

i-t 

i—i 

1-t 

1—1 

1-1 

1— t 

i—i 

i-» 

i— t 

i-t 

o 

o 

o 

1-t 

i-< 

i—i 

1-t 

i-t 

1-t 








o 

d 

d 

d 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

d 

d 

o 

o 

o 

o 

o 

d 









1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 

1 

1 







w 



CO 

lO 

CM 

05 

co 

05 

CM 

co 


co 

CM 

CM 

co 

co 

CM 


o 

7 s - 

05 

CO 

7^ 

05 







Pi 

co 

CM 

7 s - 

q 

o 

ao 

m 

q 

co 

q 

co 

CO 

O 

CM 

q 

q 

CO 

CM 

05 

i-t 

q 

q 

m 









oo 

00 

z> 

r- 

7 s - 

CO 

co 

CO 

CO 

CO 

co 

co 

7 s - 

7> 

7- 

T'- 

C'- 

C— 

CM 

CO 

CO 

CO 

co 








CO 

05 

lO 

05 

7 s - 

1—1 

i—i 

m 

1—1 

CO 

CO 

1—1 

CO 

i—i 

i—i 

05 

7> 

7^ 

CM 

ao 

oo 

q 

CM 








X 

T— 1 1 

05 

z> 

CO 

o 

7 s - 

m 

CM 

o 

00 

m 

q 

CM 

O 

co 

m 

CO 

i—i 

O 

i-t 

CO 

CO 

05 








Hj 

CO 

q 

q 

q 

CM 

CM 

q 

q 

q 

q 

q 

q 

q 

o 

q 

o 

o 

o 

o 

o 

o 

q 









o 

1 

o 

1 

o 

i 

o 

1 

o 

1 

o 

1 

o 

l 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

d 

1 

d 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

o 

o 

o 

o 









7 s - 

ao 

o 

ao 




























lO 

05 

CO 

05 



























g 

i— • 

o 

o 

05 




























7 s - 

7 s - 

i—i 

o 




























q 

q 

to 

to 



























>* 

q 

q 

q 

q 


























o 


o 

o 

o 

o 


























J— H 


1 

1 

1 

1 


























E- pq 

o 































w 

g 

05 

CO 

co 

00 

q 

to 

to 

CM 


























CO 


CO 

CM 

CM 

CM 




























q 

CO 

q 

CO 



























X 

CM 

q 

CO 

7 s - 



























o 

o 

o 

o 




























o 

o 

o 

o 




























q 



CM 

CM 

z> 

q 

q 

CO 

CO 

CO 

m 


00 

co 

co 


05 

q 

o 

7 s 

7^ 

7 s 

q 

CO 


co 

CO 

m 


in 

q 

•<— i 

co 

CM 

ao 

CO 

CO 

CM 


CM 

00 

i— < 

m 

05 

in 

o 

CO 

CO 

05 

CO 

05 

m 

O 

CO 

o 

m 

o 

m 

o 


00 

co 

r- 

7 s - 

co 

CO 

m 

m 

q 

q 

CO 

co 

CM 

i—i 

i— • 

1—1 

o 

O 

05 

05 

CO 

CO 

CO 

7 s 

7 s * 

CO 

co 

in 

in 



o 

ao 

ao 

q 

o 

CM 

CO 

co 

ao 

CO 

CO 

CO 

co 

o 

CM 

q 

q 

q 

m 

i-t 

05 

in 

7 s " 

1—1 

CO 

CO 

co 

7^ 

7 s 



00 

co 

05 

o 

i—i 

i— t 

i— i 

i— i 

l-H 

1— 1 

1—1 

1—1 

i— • 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

q 

q 

m 

m 

m 

in 

q 

q 


o 

o 

o 


i—i 

i—i 

i-i 

i-i 

1-t 

1-1 

1—1 

1—1 

i-t 

i-t 

i-t 

i-t 

i-t 

i-t 

t-H 

1-t 

i-t 

i-t 

i-t 

i-t 

i-t 

i-t 

i-t 

i-t 

i-t 

o 


o 

o 

o 

o 

o 

d 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

d 

H— H 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

c 

o 


q 

CM 

CO 

o 

q 

ao 

7 s - 

CM 




CO 

m 

q 

05 

co 

CO 

CO 

7 s - 


o 

q 

CO 

co 

CO 

05 

05 

co 

q 

W 

in 

O 

00 

to 

q 

CM 

i-i 

o 

O 

o 

o 

O 

o 

o 

05 

ao 

CO 

ao 

00 

7^ 

CO 

q 

CM 

i— t 

05 

05 

05 

05 

00 

CO 

CO 

00 

7 s - 

7^ 

7 s - 


z> 

t> 

7 s - 

r- 

7^ 

7 s - 

7 s 

7 s - 

CO 

co 

CO 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 


05 

T-i 

z> 

tO 

CO 

t> 

05 

7 s - 

05 

05 

ID 

7 s - 

co 

m 

05 

co 

CO 

7 s - 

i—i 

rH 

1—1 

05 

1— < 

CM 

q 

q 

CM 

q 

CM 



lO 

lO 

co 

CM 

1— 1 

05 

7 s 

m 

co 

i—i 

O 

7^ 

in 

co 

1—1 

o 

05 

7 s - 

CO 

m 

CO 

1— t 

O 

i— t 

co 

in 

7 s - 

05 

t-H 


X 

co 

co 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

o 

o 

o 

q 

o 

o 

o 

o 

o 

o 

O 

o 




o 

1 

o 

l 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

l 

o 

1 

o 

l 

o 

1 

o 

1 

o 

1 

o 

1 

o 

l 

o 

1 

o 

1 

o 

1 

o 

d 

o 

o 

o 

o 


222 





223 


FIGURE 49 - RUN 19 ICE SHAPE TRACINGS FOR MID FLAP (FLAP 2), SECTIONS A - 


TABLE 84 - RUN 19 ICE SHAPE COORDINATES FOR MID FLAP (FLAP 2), SECTION A - 



in 

























































o 





























(— H 





























E- 1 W 





























o 





























w 

£ 




























m 






























x 






























CO 


02 


t-H 



ao 

02 

CO 

05 

r- 

ID 


2^ 


02 

ID 

o 

CO 

00 

05 

05 

05 


o 

2^ 


pj 

CO 

05 

o 

02 

02 

02 

o 



ao 

05 

o 

O 

02 

T-H 

o 

CO 

CO 

2 s - 

CO 

iD 

O 

02 

iD 

05 

CO 

2 s - 




00 

o 

r-i 

CO 


CO 

2^ 

00 

05 

O 

02 

CO 

CO 

CO 

CO 

02 

t-H 

O 

o 

05 

05 

00 

2^ 

CO 

CO 

ID 



H* 

CO 

05 

tH 

T-H 

T-H 

t-H 

ID 

05 

t-H 


CO 

oo 


ao 

02 

02 

00 



05 

2^ 

CO 

T-H 

05 

2> 

iD 


* 

CO 

r- 

00 

O 

02 

CO 

ID 

CO 

0- 

05 

O 

t-H 

02 

CO 

CO 



CO 

CO 

CO 

02 

02 

02 

02 

T-H 

T-H 

t-H 


>-• 

CO 

CO 

CO 


H 4 

H 4 

H 4 


H 4 


iD 

iD 

ID 

iD 

ID 

ID 

iD 

ID 

iD 

ID 

ID 

iD 

ID 

iD 

iD 

ID 

ID 

o 


o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

O 

o 

o 

O 

d 

o 

o 



1 

1 

1 

1 

1 

1 

1 

1 

* 

1 

1 

l 

1 

1 

1 

1 

1 

1 

1 

1 

| 

1 

1 

| 

1 

1 

1 

E-« Q 





























O 


o 

o 

o? 


oo 

02 

CO 

CO 

CO 

02 

02 


CO 


ID 

02 

CO 

CO 

r- 

CO 

00 

05 

CO 

00 

_ 

CO 

CO 

w 

r! 

C\2 

2- 

02 

05 

ID 

02 

t-H 


o 

t-H 

02 

2^ 

o 

CO 

CO 


r- 

ID 

co 

r- 

CO 

02 

00 

00 

ID 

t-H 

05 

U~1 


CO 

r- 

2^ 

ID 

CO 

02 

t-H 

05 

05 

ao 

2^ 

CO 

2% 

05 

02 

CO 

t-H 

CO 

00 

t-H 


2^ 

o 


00 

02 




in 

T“H 

2- 

05 

ID 

2^ 

05 

00 

H 4 

ao 

02 

CO 

00 

O 

iD 

CO 

o 


CO 

t-H 

2 s - 

05 

CO 

CO 

CO 

ID 

05 



o 

O 

a> 

00 

r- 

CO 

iD 

H 4 

H 4 

CO 

CO 

02 

02 


ID 

2^ 

o 

02 

CO 

ID 

CO 

2 s- 

05 

t-H 

CO 

in 

CO 


X 

o 

o 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

o 

O 

O 

O 

o 

O 

o 



1 




CO 

CO 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 
































CO 

ID 


02 

00 

CO 


CO 


02 

CO 


05 

ID 

2 s * 

02 

05 

02 

02 


r- 

CO 

CO 

CO 





. 

T-H 

CO 

ID 

T-H 

ao 

r- 

O 

CO 

t-H 


2^ 

05 

O 

02 

00 

CO 

CO 

co 

05 

05 

00 

co 

00 

o 





G 

O 

O 

t-H 

02 

02 

CO 

ID 

ID 

CO 

CO 

CO 

CO 

2^ 

2^ 

CO 

CO 

ID 


CO 

02 

t-H 

o 

05 

05 






o> 

r- 

CO 

ID 

CO 

CO 

in 

ID 

CO 


2^ 

t-H 

CO 

r- 

05 

ID 

2^ 

*-H 

2> 

CO 

t-H 

2^ 


ao 





- 

05 

r-4 

CO 

H« 

CO 

00 

o 

T-H 

02 

02 

CO 

ID 

CO 

2 s * 

00 

CO 

2- 

2^ 

CO 

CO 

CO 

ID 

iD 






X 

CO 



H 4 



ID 

ID 

iD 

iD 

ID 

ID 

iD 

iD 

ID 

iD 

iD 

iD 

iD 

ID 

ID 

iD 

ID 

iD 




2 CV2 


d 

1 

d 

1 

o 

1 

d 

1 

d 

1 

o 

1 

o 

1 

o 

1 

o 

1 

O 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

d 

1 

o 

1 

d 

1 

o 

1 

d 

1 




H O 





























O 


o> 

o 

r- 

CO 

CO 

H* 

CO 

ID 

02 

ID 

_ 

CO 

ID 

05 

o 

CO 

o 

ID 


o 

05 



05 




w 

p| 

CO 


co 

02 

r- 

CO 

o 

CO 

T-H 

2^ 

o 

CO 

CO 



ID 

2 s - 

05 

02 

o 

02 

ID 

CO 

ID 




to 


2> 

CO 

H* 

CO 

T-H 

05 

ID 

02 

o 

00 

05 

t-H 

CO 

CO 

CO 

2^ 

CO 

00 


02 

t-H 

t-H 

ao 

CO 





o 


CO 

00 

O 

05 

r- 

ID 

ID 

oo 

oo 

2 s - 

ID 

ID 


O 

t- 

05 

02 

ID 


r- 

ID 

00 







CO 

o? 

t-H 

t-H 

05 

r- 

CO 

ID 



ID 

CO 

r- 

o 

02 


CO 

05 

02 

CO 

o 

CO 

iD 





?<, 

O 

o 

o 

o 

o 

05 

05 

05 

05 

05 

05 

05 

05 

05 

o 

O 

o 

O 

o 



02 

02 

02 






CO 

CO 

CO 

CO 

CO 

02 

02 

02 

02 

02 

02 

02 

02 

02 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 














T_l 



















2; 

Y, in 




























o 





























H— 1 T — 1 





























H O 





























O 





























W 

G 




























CO 






























X 






























00 


CO 


H 4 

O 

CO 

05 


r- 

CO 

CO 


o 

CO 

2^- 

CO 

00 

CO 

00 

o 

o 

00 


o 

CO 




00 

CO 

o 

o 

o 

05 

0- 

00 

CO 

ID 


02 

CO 

CO 

t-H 

05 

T-H 

ID 

05 

ID 

02 

CO 

05 

o 


2^ 




2*- 

00 

05 

o 

T-H 

T— ( 

02 

CO 


ID 

CO 


2> 

0- 


iD 

ID 


CO 

CO 

CO 

02 

T-H 

T-H 

o 

05 




CO 

CO 

02 

T-H 

CO 

05 

CO 

T-H 

ID 

ID 

0“ 

CO 

CO 

CO 

ID 

iD 

ID 

05 

T-H 

05 

05 

iD 

2> 

05 

r- 

CO 




ID 

CO 

oo 

o 

02 

CO 

ID 

00 

05 

t-H 

CO 

CO 

00 

05 

05 

00 

2'- 

CO 

CO 

ID 

ID 

ID 


CO 

co 

CO 



X 

CO 

CO 

CO 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 


o 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 




l 

1 

l 

l 

1 

l 

I 

l 

I 

1 

1 

l 

1 

l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


H pQ 





























O 





























r-rl 


o 

T-H 

CO 

o 

ID 

05 

o- 

00 

T— ( 

CO 

ao 

00 

ID 

r- 

00 

CO 

02 

CO 

T-H 

t-H 

05 

02 

2"- 

05 

CO 




G 

o 

o 


CO 

05 

O 

00 

05 


05 

02 

05 

t-H 

CO 

CO 

CO 

CO 

2^* 

CO 

2^ 

05 

00 

00 

00 


co 


CO 

•r-» 

CO 

CO 

H* 

02 

o 

05 

CO 

ID 


02 

02 

02 

ID 

2^ 

o 

iD 

00 

o 

02 

H* 

CO 

05 

T-H 

ID 

05 

co 




00 

CO 


00 

CO 

T-H 

ID 

ID 

CO 

T-H 

CO 

CO 

CO 

ID 

CO 

CO 

00 

CO 

2> 

05 

CO 

T-H 

CO 

02 


05 



X 

iD 

ID 


02 

T-H 

o 

00 

r- 

CO 

ID 

■'T 


ID 

CO 

ao 

T-H 

CO 

ID 

CO 

2 s - 

05 

t-H 

02 

ID 


05 



o 

o 

o 

o 

o 

o 

05 

q 

q 

q 

q 

q 

q 

q 

q 

o 

o 

o 

o 

o 

o 

q 

q 

q 

q 

q 




CO 

CO 

CO 

CO 

CO 

CO 

02 

02 

02 

02 

02 

02 

02 

02 

02 

CO 

CO 

co 

co 

co 

co 

CO 

co 

co 

co 

co 






T “ l 




' rH 

T “ l 







' r_t 


T_l 

1-1 


T-t 

T_l 

T_l 

T_l 

T “ l 






CO 

r- 

ID 

t 

05 



ID 


ID 

CO 


o 


05 


ID 

05 

05 

05 

02 

o 

ao 

02 






02 

fr- 


00 

O 




o 

■'T 

05 

02 



T-H 

CO 

ao 

T-H 

ID 

ID 

2> 

00 

05 

CO 





G 

O 

o 

T 1 

T-H 

02 

02 

02 

CO 



-T 1 

ID 

ID 

ID 

ID 


CO 

CO 

02 

T-H 

O 

05 

co 

00 






H* 

00 

00 

oo 

O 

CO 

00 

CO 

CO 

00 

02 

02 

CO 

CO 

CO 

02 

02 

o 

00 


CO 

CO 

ID 

t-H 






O 

r-l 

02 

CO 

iD 

CO 

2^ 

05 

T—t 

02 


CO 

CO 

05 

O 

t-H 

T-H 

t-H 

o 

o 

05 

CO 

2 s - 

2^ 




2 

X 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 




o 


d 

d 

d 

o 

o 

o 

d 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 






1 

1 

1 

1 

l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

i 

i 




^ <1 





























o 





























r-ri 


2^ 

z> 

00 

CO 

00 


r- 

T-H 

CO 

CO 


05 

ID 



T-H 

ao 

T-H 

CO 

ID 

o 

co 

CO 

05 





G 

CO 

r- 


T-H 


05 

05 

02 

ID 

00 

05 

T-H 

T-H 

2^ 

CO 

o 

ao 

2 s * 

02 

05 

co 

T-H 


02 




CO 


t-H 

05 

CO 

iD 

^t 4 

CO 

02 

O 

CO 

CO 


ID 

CO 

CO 

05 

CO 


t-H 

ID 

O 

ID 

o 


CO 






O 

ID 

CO 

CO 

o- 

T-H 

CO 

CO 

00 

CO 

02 

O 

02 


CO 

T-H 

T-H 

CO 

ao 

ID 

ID 

CO 


CO 





S^ 1 

iD 

CO 

T-H 

O 

05 

05 

ao 

CO 


CO 

02 

02 

02 

02 

CO 

CO 

05 

T-H 

CO 

2^ 

O 

CO 

CO 

2> 






q 

q 

—I 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

q 

q 

q 

02 

02 

02 

02 






CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

co 

CO 

CO 

CO 

CO 






' rH 


1—1 



1 

r “* 

TH 


1 



' r ~ > 


t-H 

T “ t 

T— 1 

1 

T_l 

T_l 

T “ l 



1 





224 




IRFOIL 
H FRO 
HOUT 











0 50 100 150 200 250 300 350 400 450 500 550 600 


TIME, SEC. 

(D) RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT 
OF CLEAN AIRFOIL VERSUS TIME. 

FIGURE 50 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 19 (con’t). 



WQOCDOJ^t'^r^QOCO^CDO^'^COCOCDCDCOWiONt^ 

r^^Qocooscot'-oicor-^coLOioi^oc^cocOTtcocow 

^W^»iOOOQOCO>>(Oir 3 TtCOin'<tTtTtTtr)'rt 03 

riHHHrHr l 99999999999999999 

dddoddddddddddddddddddo 


E-* 

- P H 

.— •V ni rr\ 


ooiTtcDcocvjcvjcooocot^ioio^t'-'comr-i^Ttcor- 
^^coaoiDcococvco— 'r-r-c^o^Tt-^-c^wr-cooco 

COiO^COCOCOCO^^tiOiOCDt^OSOrfiOOOOOJTtr-Tt 

00000000000000"- | '- | ’-'''-'02C\2CVCVCO 


Q o W 
•M K o 


cowr^’-'cvicoinooo 

OWCOlOCD^COOJO 

dddddddo^ 


O 

53 w 

Q 


COO©OOCOCO , tOO)C 00003 COO H £ s, t v CD^'OCDO H 

lOC^^tajcDoooo^ioincococoioot^ioojoiajt^w 

t^t^OOOCOCDWCOCO^lO^tOCOCO’-'lOTft^Tt^COa) 


o o o 
I I 


^cot^-CT)Z>c^ioc£)cqj>r-oici)r^r^coj>r^cr) 

dd'^Lodz^codo'^oico^iocor-cEiOid 


I I I I I l I I 


ocorocor^r^oco 


oocococor*-oiocotf> 


lOCOCOOiiOW^Ttr^COCOCOCVJCDiOCO 

'-'COOOlfl(DO^OCOCOlO^''tO)Oa 

o^w^iqr^oqojciq^NN^N^ 

dddoddddo^'^^’-H’-i^^ 


O 

W 

Q 


OlCO^tiOCDI^CDCDO 


S< O 
u < 


OOCOOJCOCMCV'^OC^COCDOC'-'^-'inOJOi'-'CO 

— 'cnocococoor-cooincor-coco— 'r^-r-o 
oo'-'Ooooa> 050 JCDQor^r-cocoior>-o 
HHHHHHH 99999999999 rt 
ddddddddddddddddddo 


Jz; K 
TJ< P 

r) H &H 

U J « 
0 < 


coTfr-^cocOTtTt'-irj'aicococ^asoiOioco 

ooo^>oj’-''-'Tt>o 5 nQ 3 >n^«)'tai 

lOrtCOCM’-'’-HCv2Cv2CV2Cv2CV2COCOTfiO^>COOi 

qqqqqqooqooooqqoq^’-j 

ddddddddddddddddddo 


^h< P 
u < 


l0CDt>C003OCDCDC^C0C0C0lf5C s -C^05 05 C0C0 


oor-ooot^'-'cv? 

(flOCONtOCO^^ 

ONCOlOCOt^OJO 


cvir^o-'ocvj^ocvjo^co 

^c^^cor-r-coirD^Tfcoco 

O'-'CV 2 C 0 Tfi 0 CDt N - 00 ©I N -lD 


ooooooo^-^ 


W o 

^5 H 
Q 


oocoor-oocor^o^o 2 c\ 2 cv 2 iocv 2 r^’rHooTj«co 

cvjr^Tfaoinr-^tioojcoiooj^osr-omaoco 

^COOCDOCOCDlflNTtNOf'OOCO’HCOCDCD 

qqqqqqoqqqocoqqqqr^r^q 

^d^wd^idiflcd^acidd^wcoTtifl© 


229 



35 

d 

U_ 

O 

I- 

Z 

UJ 

o 


HI 

o 

O oj 


cc 

111 

CD 

2 

D 


HI 

o 

c r 

0 
u. 

CO 

H ^ 

1 § 

o cc 

U_ DC 

o 

H. 
_J 

2 

DC 

< 


HI 

O 

O 

HJ 

O 

CC 

o 

Li. 

U. 

O 

o 

I— 


I 

CO 

CO 

LU 

_l 

CO 

< 


o 



— 























6 

o 

r- 

CO 

00 

00 

r- 

lO 

it 

05 

LO 

CM 

_ 

o 

iD 

IH 

iD 

i—i 

l-H 

E^ 


CO 

CM 

05 

CO 

o 

i-H 

CO 


z> 

o 

00 


CO 

o 


LO 

ID 

CO 

It 

CM 

*H 

o 

r- 

00 

CO 

CO 

O 

00 

ID 

it 

lD 


05 

05 

00 

05 

00 

00 

00 

00 

00 


r- 

E'- 


r- 


E^ 

CO 

CO 

CO 

CO 

CO 

lD 

iD 

ID 

ID 


CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

cq 

6 

d 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 


























o 


























xi 

05 

lO 


CM 

o 

o 

05 

05 


05 

CM 

rH 

r- 

o 

05 

id 

CO 

E^- 

o 

o 

ID 

i-H 

05 

E^ 

l-H 

o 


1—1 


it 

05 

CM 

CM 



E^ 

CO 

rH 


CO 

00 

CO 

CM 

CO 

05 

CO 

ID 

ID 

O 

*"4 

CM 


o 

CO 

CO 

00 

lD 

E- 

CM 

CM 


o 

CM 

CO 

o 

£-• 

00 

o 

CM 

CM 

CM 

CO 

CO 

r- 

O 

rH 

CM 


r- 


c- 

E^ 


r- 

00 

00 

00 

00 

00 

00 

05 

00 

00 

05 

05 

05 

05 

05 

05 

05 

o 

o 

o 

Xl 


T-l 

■rH 

,-H 

iH 

r-4 

rH 

1-4 

l-H 

l-H 

1-4 

1-t 

i-i 

1-1 

rH 

i-H 

l-H 

i-i 

l-H 

l-H 

l-H 

l-H 

CM 

CM 

CM 

o 



























o 

CO 

CO 

05 

it 

00 


E^ 

05 


CO 

CM 


CO 

CM 

lD 

CM 

CO 

o 

CO 

05 


00 

o 

CD 

cT 

CM 


z> 

o 



r- 



lO 

CO 

E'- 

CO 

CM 

it 

l-H 

E'- 

€0 

lD 

Hf 

05 

05 

id 

lD 

CO 

CM 

CM 


CM 


,-H 


i-4 

1—1 

o 

O 

o 

O 

O 

O 

o 

en 

05 

05 

05 

00 

00 

00 

00 

00 


05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

CO 

cq 

00 

00 

00 

00 

ao 

cq 

00 


o 

o 

o 

O 

o 

o 

o 

d 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


























a d 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

S M 

CO 

E'- 

00 

05 

o 


CM 

CO 

it 

lO 

CO 

E^ 

00 

05 

o 

i-H 

CM 

CO 

it 

ID 

CO 

r- 

00 

05 

o 

S W 

CO 

co 

CO 

CO 

It 

It 

It 

It 

It 

It 

It 

It 

It 

It 

lD 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

lD 

lD 

CO 

E-h gq 



























o 


””” 

"■ 

1 




T " 





























6 

o 

o 

00 


o 

LD 

CO 


it 

CO 

00 

o 

l-H 

CO 

ID 

00 

o 

05 

ID 

it 

o 

00 

00 

05 

lD 

1-4 

05 

1—4 

l-H 

05 

CO 

i-i 

05 

It 

CO 

o 

o 

o 

CM 

05 

CM 

Ht 

CO 

E- 

CM 

lD 

CM 

05 

CM 

rH 

o 


rH 

00 

CO 

CO 

05 

CM 

o 

ID 

CO 

it 

It 

05 

E> 

iD 

CD 

CM 

CM 

CO 

o 

lD 

CO 


o 

o 

05 

00 

E^ 

CO 

CO 

CO 

LD 

ID 

h* 


it 

it 

CO 

CO 

CM 

CM 

CM 

▼H 

CM 

CM 

H 




o 

O 

O 

O 

O 

O 

05 

o 

05 

05 

\ 

o 

o 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

CD 

q 

co 

00 

6 

1—4 

1-i 

O 

d 

o 

o 

o 

o 

O 

O 

O 

o 

o 

o 

o 

o 

O 

o 

O 

o 

O 

o 

o 

d 

d 

o 

o 

o 

o 

o 

o 

o 

d 

o 

d 

o 

o 





































O 





































xJ 

o 

ID 


CO 

E'- 

E'- 

CM 

i_t 

CO 

CO 

00 

00 

E^ 

r- 

it 

CM 

ID 

E'- 

05 

it 

o 

o 

it 

C'- 

i-H 

i> 

CO 

CM 

00 

o 

CO 

00 

CM 

CO 

CO 

CM 

r 'j 

o 

CM 

E^ 

CM 

o 

05 

CO 

E> 

05 

CO 

it 


05 

CM 

05 

it 

E> 

CO 

LD 

o 

o 

CO 

LD 

o 

o 

CO 

It 

05 

05 

lD 

05 

rH 

LD 

it 

CO 

rH 


o 

fi- 

CO 

CO 

00 

o 

00 

CM 

CM 

00 


o 

ID 

CO 

CO 

CM 

CO 

CO 

it 

CO 

CM 

rH 

O 

CO 

ID 

00 

00 

00 

o 

CM 

CO 

r- 

Z> 

00 

00 

iD 


o 

05 

O 

o 

O 



CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

It 

it 

it 

it 

It 

ID 

ID 

lD 

ID 

lD 

LD 

ID 

lD 

cq 

cq 

cq 

CD 

cq 

cq 

cq 

E"- 


-r-i 

d 

i-i 

1-i 

i-i 


l-H 

-H 

i-H 

-H 

1-1 

i-< 

i-i 

l-H 

!-• 

l-H 


1-4 

I" 1 

l-H 

^H 

l-H 

i-i 

— 1 

I- 1 

l-H 

l-H 

i -1 

l-H 

i-i 

l-H 

l-H 

^H 

IH 

IH 

"“I 

O 





































o 

o 

CM 

CO 

05 

1—4 

o 

CO 

05 

00 

CO 

E'- 

05 

E^ 

it 

ID 

05 

CO 

CM 

It 

O 

00 

ID 

CO 

ID 

It 

O 

It 

CM 

o 

05 

05 

E^ 

00 

E'- 

It 

ID 

_ ■ 

o 


CO 

05 

it 

05 

CM 

05 

CO 

CO 

O 

CO 

it 

it 

lD 

CO 

CM 

o 

05 

it 

00 

E'- 

CM 

CO 

1—4 

CM 

E'- 

it 

CM 

CO 

05 

O 

CO 

E'- 

it 

LD 

o 

o 

o 

o 

00 

00 

E'- 

00 

E'- 

E'- 

E'- 

1> 

CO 

CO 

CO 

iD 

LD 

ID 

LD 

it 

it 

it 

it 

it 

it 

It 

it 

en 

CO 

CO 

CO 

CM 

CO 

CM 

CM 

CM 

CM 

\ 

o 

o 

o 

05 

05 

q 

q 

q 

q 

q 

q 

05 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 




1—4 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

d 

O 

o 

o 

o 

d 

d 

d 

d 

o 

o 

o 

d 

d 

o" 






































o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

S O 



CM 

CO 

Tt 

ID 

CO 

E^ 

00 

05 

o 


CM 

CO 

it 

lD 

CO 

E>- 

00 

05 

o 

1—4 

CM 

CO 

it 

LD 

CO 

r- 

00 

05 

o 

l-H 

CM 

CO 

it 

LD 

G W 












l-H 


rH 


i-H 

i-H 

i-i 

rH 

i-H 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

E-h CO 






































230 





TABLE 87 - TEST CONDITIONS FOR RUN NUMBER 19. 


N ASA LEWIS ICING RESEARCH TUNNE1; 


Run No. 1 9 

Configuration 1 0 Flap 

Date 05-05-88 

p, ir 78 psig 

ap w 70 psid 

\vg 17°F 

1 00 mph 

Spray Duration 1 0 min 

Ice Accretion Type Rime 

A.O.A. 5° 

lwc 0.90 g/m 3 

mvd 14.4/L/m 


Remarks 


• Frost on the lower surface from under the slat to the flaps. Frost on the 
flaps. Ice fingers on the lower surface of Flap 3. Frost on the 

upper surface from the region behind the leading edge to Flap 1 . 

• Ice accretion on the Leading Edge Slat approximately 9/16" thick. 

• Ice accretion on the leading edge of Flap 2 approximately 3/16" thick. The 
third flap had ice fingers from the lower surface of the leading edge to the 
trailing edge 

• The ice was uniform across the span. 

• The tunnel temperature went to 32° before tracings were made hence there 
may be some sublimation. 

• Ice shape tracings for Leading Edge Slat, Section E and Flap 2, Section C 1 and 
E not available 
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FIGURE 51 - RUN 20 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 



TABLE 88 - RUN 20 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - 




05 


o 

00 


02 

o 

r- 

co 

oo 

02 

co 

to 

o 

co 

02 

05 



o 



05 

co 

o 

co 

02 

o 

00 

»o 

00 

CO 

00 

xp 

z^ 



05 

CO 

CO 

00 

CO 

0- 

to 

00 

o 

co 

CO 

co 

05 

05 

oo 

05 

■'T 

CO 

co 


to 

CO 

o 



CO 

z- 

to 

CO 

05 

00 

CO 

o 

co 

CO 


•r-f 

00 

00 

00 

c*- 

Z^ 

Z> 

Z> 

CO 

co 

xp 

CO 

02 


o 

05 

00 

00 

z^ 

co 

to 


co 

co 

02 

02 



02 

CO 

CO 

xp 

to 

CO 

CO 

Z'- 



O 

o 

o 

o 

CO 

00 

xp 

xp 

00 

xp 

02 

00 

02 

o 

2> 

CO 

05 

CO 

to 

z^ 

T-H 

to 

z^ 

05 

05 

r- 

CO 

05 

to 

to 



CO 

CO 


iz; 


xp 

xp 

xp 

xp 

CO 

02 

02 

02 

02 

CO 

xp 

xp 

tO 

co 

CO 


CO 

z^ 

r- 

z^- 

00 

ao 

ao 

00 

CO 

00 

00 

CO 

to 

Xp 

CO 

02 


o 

05 

o 


CO 

cq 

cq 

cq 

cq 

cq 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

co 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

to 


o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

d 

o 

d 

o 

o 

o 

o 


o 

w 

in 

CO 


xp 

00 

o 

T-t 

T-( 

to 

xp 

CO 

o 

CO 

CO 

to 

00 

oo 

05 

co 

z^ 

CO 

I s - 

05 


to 

to 

^p 

00 

02 

tH 

05 

to 

02 

•<p 

CO 

co 

m 

02 

xp 

CO 

00 

CO 

00 

02 

to 

z^ 

05 


02 

CO 

co 

CO 

H* 

05 

co 

r- 

▼-* 

CO 

to 

Z^ 

05 

t-H 

xp 

z^ 

CO 

ao 

t-H 

CO 

05 

02 

CO 

o 


CM 

CM 

CM 

02 

CO 

CO 

xp 

xp 

xp 

xp 

to 

to 

to 

to 

to 

to 

to 

CO 

CO 

z> 

z- 

r- 


z^ 

CO 

CO 

ao 

05 

05 

O 

o 

o 



02 


•* 

05 

z- 

CO 

Z^ 

to 

to 

tO 

<rH 

▼— * 

to 

▼H 


r- 

T-H 

to 

0- 

05 

r- 

to 

to 

CO 

▼-H 

z^ 

05 

to 

05 

00 

t-H 

CO 

CO 

o 

o 

02 

Xp 

CO 



02 


o 

00 

CO 

xp 

02 

o 

00 

to 

CO 


05 

ao 

CO 

•sf 


00 

to 

02 

o 

00 

CO 


CO 


O 

05 

00 

Z- 

z^ 

Z"- 

CO 

to 

xp 



z^ 

z> 

z> 

CO 

CO 

CO 

CO 

CO 

to 

to 

to 

to 

'T 


■'T 



CO 

CO 

CO 

CO 

02 

02 

02 

02 

02 

02 

T-l 

Tl 

TH 








o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


Y, in 




































o 










































































E- Q 
O 





































W 

q 




































in 






































x‘ 





































in 





































X 




































2 C\2 










































































w 

a 




































in 






































X 





































m 

05 

o 

CO 

o 

02 

o 

02 

02 

02 

to 

to 

xp 

05 

02 

05 

CO 

to 

co 

z- 


o 

z^ 

00 

o 

z^ 

o 

02 

to 

00 

o 

z- 

o 

to 

to 

to 


oo 

CM 

CO 

*— • 

CO 

T—l 

co 

CO 

CO 

CO 

02 

H 

O 

oo 

T-l 

05 

CO 

o 

r- 

CO 

to 

00 

T-l 

to 

05 

to 

05 

to 

o 

to 

05 

to 

to 

co 

to 



CO 

CO 

to 

to 

xp 

Xp 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

02 

02 

T-t 

T-t 

T-l 

o 

o 

o 

o 

T-l 

T-| 

T-l 

02 

02 

CO 

xp 

xp 

Xp 

to 

to 

to 

to 


- 

xp 

o 

CO 

CO 

CO 

00 

00 

00 

o 

xp 

o 

xp 

00 

CO 

00 

o 




o 

CO 

02 

02 


02 

O 

02 

02 

Xp 

co 

oo 

o 

Xp 

oo 

xp 

z 

X 

05 

o 

o 

O 

o 

O 

O 

05 

05 

00 

00 

r- 

CO 

CO 

CO 


Z^ 

r- 


z^ 

CO 

to 

tP 

CO 

02 

T-l 

O 

05 

ao 

z^ 

CO 

CO 

to 

Xp 

xp 

o 


xp 

to 

to 

to 

to 

to 

to 

Xp 

xp 

xp 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

h— 1 T— 1 


d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 






































w 

p| 

tO 

02 

CO 

r- 

05 

▼— i 

CO 

co 

tO 

02 

t 

xp 

CO 

_i 

CO 

02 


02 

tO 

05 

z> 

z^- 

02 

co 

ao 

o 


00 

o 


z^ 

05 

00 

co 

02 

m 

* rH 

TH 

CO 

CO 

00 

02 

CO 

o 

z^ 

co 

o 

xp 

05 


CO 

02 

CO 

to 

ao 

o 


CO 

to 

O 

co 

Z"- 

02 

xp 

to 

Z"- 

05 

o 


to 

05 

co 


tO 

to 

to 

to 

CO 

CO 

z^ 

z> 

00 

05 

05 

05 

O 

o 

T-l 

T-t 

T-l 

T-t 

02 

02 

02 

CO 



^p 

tO 

tO 

to 

to 

tO 

CO 

CO 

CO 

CO 

z^ 


X 

T-t 

Z^ 

z^ 

t*» 

05 

CO 

to 

to 

05 

z^ 

to 

05 

CO 

02 

02 

CO 

02 

o 

o 

CO 


o 

02 

00 

02 

00 

00 

02 

CO 

CO 

00 

02 

02 

Xp 

02 


05 

Z^ 

to 

xp 

02 

T-t 

05 

z> 

to 

CO 

02 

O 

05 

oo 

co 

to 


CO 

02 

O 

05 

oo 

Z^- 

CO 

co 

tO 

to 

CO 

CO 

CO 

CO 

z> 

CO 

to 

xp 



■'T 

xp 

xp 

xp 

xp 

xp 

cq 

cq 

cq 

cq 

cq 

cq 

02 

02 

02 

02 

02 

02 

02 

02 

q 

q 

q 

q 

T" 1 

q 

q 

TH 

q 

q 

T-l 


Tl 

•“I 




o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



CO 

CM 



CO 

05 

o 

co 

CO 

to 

z> 

ao 

o 

to 

CO 

co 

05 

05 

CO 

o 

to 

o 

^p 

05 

to 

00 

05 


co 

co 

oo 

o 

z> 

02 

co 


Pi 

T-l 

O 

CO 

to 

05 

to 

co 

o 

to 

o 

co 

o 

o 

05 

05 

05 

z^- 

CO 

to 

00 

02 

r^ 

o 


o 

to 

T— 1 

to 

05 

^p 

Z'- 

02 

Xp 

CO 

T-l 



CO 

CM 


o 

05 

05 

05 

05 

co 

00 

0- 

r- 


CO 

co 

co 

CO 

co 

CO 

co 


z> 

00 

00 

05 

05 

o 

o 

o 


T— 1 

02 

02 

02 

CO 



lO 

05 

05 


o 

02 

o 

CO 

CO 

xp 

xp 

00 

02 




o 

CO 

02 

o 

CO 

02 

02 

00 

o 

xp 

z^ 

to 

T— 1 

co 

T-l 

05 



CO 

Z 

X 

xp 

to 

CO 

z^ 

co 

oo 

00 

z> 

z^ 

r- 

Z- 

CO 

CO 

to 


CO 

CO 

02 

02 


05 

co 


to 

•ip 

02 

o 

05 

00 

co 

to 

CO 

CO 

02 


xp 

xp 

xp 

xp 

xp 

xp 

xp 

xp 

xp 

xp 

q 

xp 

q 

q 

q 

q 

q 

q 

q 

q 

cq 

cq 

CO 

cq 

q 

cq 

cq 

02 

02 

02 

02 

02 

02 

02 

02 

o 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

H pQ 
O 





































W 


CO 

xp 

to 

CO 

05 

xp 

to 

o 

02 

to 

05 

to 

05 

co 

CO 

00 

z> 

co 

CO 

o 

co 

CO 

o 

co 

■*p 

co 

co 

02 

to 

Xp 

o 

o 

05 

CO 

xp 

Pi 

z> 

02 

xp 

05 

xp 

00 

xp 

02 

05 

oo 

00 

CO 


02 

T-t 

05 

tO 

o 

CO 

CO 

CO 

CO 

z> 

02 

05 

tO 

T-l 

z> 

02 

O 

CO 

o 

02 

co 

co 

m 


T-l 1 

CM 

CM 

02 

CO 

CO 

xp 

lO 

to 

CO 

Z" 

00 

05 

O 

T-t 

TH 

02 

CO 

CO 



to 

to 

CO 

CO 

r- 

00 

00 

05 

O 

o 

T—l 





T-l 

05 

z> 

05 

CO 

CO 

05 

CO 

to 

CO 

z- 

z^ 

tO 

02 

CO 

02 

O 

o 

00 

o 

CO 

02 

o 

CO 

o 

CO 

02 

CO 

02 

tO 

05 

z^* 

to 

CO 

CO 


X 

T—l 

00 

Z^ 

to 

xp 

CO 


o 

00 

CO 

CO 

T-l 

O 

05 

0- 

CO 

tO 


02 

02 

T-t 

T-t 

T-l 

o 

o 

05 

05 

00 

00 

Z"- 

CO 

CO 

CO 

CO 

CO 


xp 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

02 

02 

02 

02 

02 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

T-t 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

d 

o 

o 



o 

00 

CO 

00 

05 

to 


co 

CO 

co 


05 


co 

o 



z^- 

05 

z> 

co 

o 

to 

r- 

CO 

to 

to 

CO 

02 

00 

CO 

o 


CO 

co 


£ 


Z> 

xp 

00 

02 

to 

o 

tO 

1— t 

00 

to 

T-t 

00 

■** 

05 


00 

02 

00 

to 

o 

co 

05 

tO 

0- 

05 

02 

Z'- 

02 

CO 

o 

co 

o 

CO 

02 


•rt 

z^ 

CO 

CO 

to 

to 

xp 

xp 

co 

CO 

02 

02 

02 

T-t 

T-t 

o 

o 

05 

05 

00 

ao 

CO 

z^ 

co 

CO 

lO 

XP 

xP 

co 

CO 

02 

02 



o 

o 



z^ 

05 

to 

to 

T-l 

05 

z- 

to 

T-l 

T-t 

CO 


CO 


o- 

CO 

"T 

CO 

CO 

o 

o 

■sP 

h* 

CO 

CO 

xp 

CO 

o 

Xp 

CO 

xp 

CO 

Xp 

o 

Xp 



tO 

lO 

CO 

CO 

CO 

to 

to 

to 

to 

Xp 

CO 

02 

02 

T-l 

o 

05 


tO 



CO 

02 

tH 

o 

00 

CO 

2 

co 

T-l 

O 

05 

00 

z^ 

z> 

CO 

o 


CO 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

cq 

02 

02 

02 

02 

02 

02 

02 

02 

02 

q 

q 


q 

q 


o 

o 

q 

q 

o 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

d 

d 

o 

o 

o 

d 

o 

o 

H <J 
O ^ 





































W 


tO 

xp 

to 

to 

02 

o 

02 

00 

o 

co 

o- 

tH 


lO 

co 

CO 

co 

00 

CO 

o 

00 

CO 

z> 

c^- 

T-l 

to 

00 

CO 

T— ( 

o 

o 

xp 

o 

00 

z^- 

Pi 

xp 

00 

CM 

05 

CO 

to 

tH 

co 

T-t 

xp 

j> 

T-l 

tO 

05 

to 

o 

CO 

T-l 

lO 

05 


05 

CO 

o 

05 

Z'- 

xp 

05 

to 

05 

02 

r- 


co 

02 

CO 

•rH 

•<— < 

T-l 

02 

02 

CO 

xp 

to 

to 

CO 

co 

CO 


r- 

r- 

ao 

05 

05 

O 

o 

O 

T-l 

T-t 

02 

CO 

CO 

Xp 

to 

to 

CO 

02 

02 

T-l 

T-t 

o 

o 



CM 

00 

O 

00 

o 

xp 

CO 

o 

o 

00 

xp 

00 

00 

o 

O 

CO 

02 

05 

Z"- 

T-l 

T-l 

T-l 


T-t 

tH 

CO 

to 

CO 

05 

02 

2 

02 

02 

02 

o 


X 

00 

CO 

tO 

02 

tH 

00 

CO 

to 

xp 

CO 

CO 

02 

T-t 

T-l 

o 

05 

05 

00 

00 

00 


CO 

•>P 

^p 

CO 

02 

tH 

T-l 

O 

O 


02 

CO 

•=p 

to 


CM 

CM 

02 

02 

02 

q 

q 

q 

q 

q 

q 

q 

q 

q 

t-H 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d 

o 

o 

o 

1 

o 

1 

d 

1 

d 

1 

d 

1 

o 

1 



233 










TABLE 88 - RUN 20 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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FIGURE 52 - RUN 20 ICE SHAPE TRACINGS FOR FORE FLAP (FLAP 1), SECTIONS A - 



TABLE 89 - RUN 20 ICE SHAPE COORDINATES FOR FORE FLAP (FLAP1), SECTION A - 


SECTION 

E 

X, in Y, in 
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FIGURE 53 - RUN 20 ICE SHAPE TRACINGS FOR MID FLAP (FLAP 2), SECTIONS A - 



TABLE 90 - RUN 20 ICE SHAPE COORDINATES FOR MID FLAP (FLAP 2), SECTION A - 


SECTION 

E 

X, in Y, in 
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FIGURE 54 - RUN 20 ICE SHAPE TRACINGS FOR AFT FLAP (FLAP 3), SECTIONS A - 



TABLE 91 - RUN 20 ICE SHAPE COORDINATES FOR AFT FLAP (FLAP 3), SECTION A - 


SECTION 

E 

g 

X 

g 

x~ 




n 










































































Z 


x 




































o 












































































E- O 





































O 






































W 


CJ 




































CD 








































x" 








































CO 

CO 



02 

CO 

05 

05 

05 

H 4 

m 

o 

m 


2^ 

CO 

o 

rH 

2 s * 

02 

ao 

ao 

H 4 

02 

05 


CO 

m 

m 

co 

CO 

^t 4 

2 s - 





rH 

CO 

^t 4 

H 4 

H 4 

CO 

00 

CO 

m 

05 

O 

^t 4 

CD 

02 

2 s * 

rH 

CO 

o 

co 

H 4 

ao 

rH 

CO 

02 

m 

^t 4 

2^ 

o 

m 

CO 

rH 

o 

o 

H 4 

co 




CV2 

CM 

02 

02 

02 

02 

r-H 

rH 

o 

05 

05 

CD 

2 s - 

2 s - 

CO 

co 

in 

in 


CO 

02 

02 

rH 

rH 

o 

05 

ao 

00 

2> 

CO 

CO 

CO 

CO 

CO 

co 




CO 

CO 

02 

CO 

02 

00 

o 

o 

CO 

2> 

m 

2^ 

05 

rH 

CO 

2^ 

rH 

2- 

CO 

rH 

m 

05 

05 

05 

m 

H 4 

ao 

o 

o 

ao 

ao 

C\2 

CO 

CM 

CO 



* 

2 s * 

c- 

CO 

00 

05 

05 

-rH 

02 

co 

H 4 

co 

2 s * 

00 

o 

rH 

02 

H 4 

in 

2^ 

05 

o 

rH 

02 

CO 

H 4 

m 

in 

CO 

CO 

m 

in 

in 

H 4 

CO 

CM 



X 

h 





i -4 

02 

02 

02 

02 

02 

02 

02 

CO 

co 

CO 

CO 

co 

CO 

CO 

xf 4 

^t 4 


H 4 

H 4 

^t 4 

"4* 

H 4 

H 4 


H 4 


H 4 


-T 4 

O 

02 


o 

d 

d 

d 

o 

o 

o 

O 

d 

O 

o 

o 

d 

d 

o 

o 

o 

d 

d 

o 

o 

o 

o 

d 

o 

d 

d 

d 

d 

o 

d 

d 

O 

O 

O 

HO 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

o 






































w 




H* 

0- 

r-l 



H 4 


CO 

m 

m 

CO 

CO 

o 

CO 

02 


05 

02 

o 

ao 

CO 

07 


o 

0- 


2 s - 

05 

m 

05 

CO 

H 4 

m 

co 


a 

CM 

2 s * 

CO 

rH 

ao 

CO 

r- 

05 

CO 

co 

02 

in 

05 

02 

H 4 

in 

CO 

2^ 

O 

H 4 

co 

05 

02 

H 4 

CO 

Nh 

CO 

co 


rH 

o 

m 

05 

o 

rH 

m 



CO 

m 

m 

m 

H 4 

^t 4 

^t 4 

H 4 

in 

m 

CO 

co 

CO 

2 s - 

r- 

2 s - 

2- 

2 s * 

CO 

CO 

ao 

CO 

05 

05 

o 

rH 

02 

CO 


co 

2^ 

2 s - 

2^ 

00 

00 



m 

CO 

co 

in 

m 

2 s - 

co 

r-l 

rH 

rH 

CO 

CO 

m 

CO 

rH 

m 

05 

CO 

05 

2^ 

m 

CO 

CO 

rH 

ao 

ao 

O 

02 

o 

co 

ao 

CM 


H 4 

o 




m 


co 

02 

rH 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

05 

CO 

ao 

2> 

2^ 

2^ 

2^ 

2 s * 

2^ 

ao 

o 

CO 

m 

2^ 

o 

CV2 


m 

CO 

2 s - 



?S 

CO 

CO 

co 

co 

co 

CO 

CO 

CO 

CO 

co 

CO 

CO 

co 

CO 

CO 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

CO 

CO 

CO 

CO 

H 4 


-M 4 

H 4 


^t 4 




CO 

co 

co 

co 

CO 

CO 

co 

cd 

cd 

cd 

cd 

cd 

co 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

CO 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

d 

d 

d 

d 

d 









































a 






































-r-l 




































Z 






































o 






































t— H 

rH 





































EH 

o 





































O 






































W 


g 




































CO 








































X 







































m 

05 

H 4 

02 

CO 

00 

o 

m 


m 

CO 

05 

02 

CO 

05 

o 

2 s * 

05 


co 

CO 

co 

ao 

o 

2 s * 

o 

2> 

o 


m 


-d 4 

CO 

CM 

05 



r-4 

i—i 

m 

CO 

00 

m 

m 

o 

m 

03 

co 

CO 

CO 

o 

CO 

m 

2^ 

i— t 

m 


'Ct 4 

ao 

CO 

CO 

CO 

H 4 

o 

ao 

ao 

o 

co 

o 

m 

05 

m 

CO 



K 

C\2 

i—i 

o 

05 

co 

2 s * 

CO 

H 4 

CO 

02 

1— < 

05 

2> 

in 

co 

O 

o 

05 

05 

05 

05 

o 

i—i 

02 

CO 


02 

1—1 

1—1 

o 

o 

o 

o 

i—t 

l—» 



* 

O 

CO 

CO 

2 s - 

i— • 

co 

05 

CO 

i—i 

CO 

CO 

O 

O 

h* 

CO 

02 

CO 

05 

05 

2 s - 

1— 1 

H 4 

o 

O 

O 

02 

CD 

'st 4 

00 

o 

ao 

o 

^t 4 

CO 

^t 4 



• 



in 

co 

00 

05 

o 

02 

CO 

H 4 

in 

2> 

05 

o 

1—1 

H 4 

H 4 

^t 4 

"d 4 


’Ct 4 

CO 

02 

i—i 

O 

05 

05 

o 

o 

!— 1 

o 

o 

05 

ao 

ao 

z 



CM 

02 

02 

02 

02 

02 

CO 

CO 

CO 

CO 

co 

CO 

CO 


h; 

h; 

h; 




H; 

•'t 



h; 

CO 

CO 

h; 



h; 


CO 

co 

co 

o 



o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

d 

h— H 



1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

E- QQ 





































O 






































r-rl 



a 

o 

CO 

o 

CO 

o 

i—i 

00 

!—• 

05 

05 

00 

o 

05 

CO 

2 s - 

02 

CO 

2 s - 

o 

H 4 

05 

i—i 

ao 

02 

o 

CO 

CO 

o 

Nt 4 

CO 

i—i 

rt 4 

o 

00 



£ 

a> 

2 s - 

CO 

05 

o 

02 

I s * 

H 4 

i—i 

CO 

H 4 

02 

CO 


00 

co 

05 

CO 

2^ 

CO 

O 


2 s - 


CO 

CO 


CO 

H 4 

CO 

C\2 

CM 

05 

00 

2 s * 

CO 


•rH 

o 

o 

05 

00 

00 


CO 

CO 

CO 

m 

in 

CO 

CO 

2^ 

2^ 

CO 

CO 

05 

05 

o 

i—i 

02 

02 

CO 

CO 


CO 

2^ 

00 

05 

i—t 

CM 

CM 

CO 





m 

05 

O 

CO 

o 

H 4 

02 

H 4 

CO 

CO 

o 

H 4 

H 4 

H 4 

CO 

o 

02 

CO 

02 

1—1 

CO 

1-1 

CO 

co 

m 

1-1 

2> 

1— • 

CO 

05 

C\2 

00 

o 


CO 



X 

m 

H 4 

CO 

i— i 

o 

00 

2^ 

CO 

m 

H 4 

Tt 4 

H 4 


H 4 

H 4 

m 

in 

m 

CO 

2 s * 

ao 

o 

i—i 

02 

co 

in 

CO 

ao 

05 

O 

CO 


CO 

2 s - 

ao 



CO 

CO 

CO 

CO 

CO 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

CO 

CO 

CO 

co 

co 

CO 

co 

CO 


h; 


h; 






co 

CO 

CO 

CO 

CO 

co 

CO 

cd 

cd 

d 

cd 

CO 

cd 

CO 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

CO 

d 

cd 

co 

cd 

cd 

cd 

cd 

d 

d 

d 

d 

d 

d 






' T— 1 



T ~ l 

T_l 


1-1 




y ~ t 






' r ~ t 

TH 


' rH 





' rH 

i—i 

1-1 



T_l 

T_< 





PI 






































•rl 




































Z 


X 




































O 

















































































































O 






































w 


£ 




































CO 








































X 





































241 



TABLE 91 - RUN 20 ICE SHAPE COORDINATES FOR AFT FLAP (FLAP 3), SECTION A - E (con’t). 
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TABLE 92 - TEST CONDITIONS FOR RUN NUMBER 20. 


NASA LEWIS iGiN&RES 

Run No. 20 

Configuration 1 5° Flap 

Date 05-06-88 

p ,ir 80 psig 

72.5 psid 

Vg 28 ' F 

v M 100 mph 

Spray Duration 8 min 

Ice Accretion Type GlaZG 

A.O.A. 0° 

lwc 0.92 g/m 3 

MVD 14.4/im 


Remarks 


• Frost on the lower surface, including Flaps 1 and 2. Flap 3 had 
what appeared to be ice deposition and not frost. No ice between slat 
and leading edge of the main airfoil. Frost was scraped off for second 
force balance measurements. 

• Lost force measurements due to data system error. 

• Somewhat less ice near Section A. Ice started melting from the wing 
and caused difficulties in taking tracings. 

• Ice shape tracings not available for 

Leading Edge Slat, Sections C 2 and D 
Flap 1 , Sections A, C 1 , D and E 
Flap 2, Sections A, C 1 , D and E 
Flap 3, Sections A, C 1 , D and E 
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FIGURE 55 - RUN 21 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 93 - RUN 21 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - 
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TABLE 93 - RUN 21 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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TABLE 94 - RUN 21 ICE SHAPE COORDINATES FOR MAIN AIRFOIL, SECTION A - 
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TABLE 95 - RUN 21 ICE SHAPE COORDINATES FOR FORE FLAP (FLAP 1), SECTION A - E (con’t). 
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TABLE 95 - RUN 21 ICE SHAPE COORDINATES FOR FORE FLAP (FLAP 1), SECTION A - E (con’t). 
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FIGURE 58 - RUN 21 ICE SHAPE TRACINGS FOR MID FLAP (FLAP 2), SECTIONS A - 



TABLE 96 - RUN 21 ICE SHAPE COORDINATES FOR MID FLAP (FLAP 2), SECTION A - 
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TABLE 96 - RUN 21 ICE SHAPE COORDINATES FOR MID FLAP (FLAP 2), SECTION A - E (con’t). 
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FIGURE 59 - RUN 21 ICE SHAPE TRACINGS FOR AFT FLAP (FLAP 3), SECTIONS A - 



TABLE 97 - RUN 21 ICE SHAPE COORDINATES FOR AFT FLAP (FLAP 3), SECTION A - 
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TABLE 97 - RUN 21 ICE SHAPE COORDINATES FOR AFT FLAP (FLAP 3), SECTION A - E (con’t). 
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FIGURE 60 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 21 (con’t). 
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TABLE 99 - RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT OF CLEAN 

AIRFOIL FOR RUN NUMBER 21. 
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TABLE 100 - TEST CONDITIONS FOR RUN NUMBER 21. 


NASA LEWI 

S ICING 

RESEAR 

CHTUNN 

li bmmmmm 

Run No. 21 

Configuration 1 5° Flap 

Date 05-06-88 

Pair 80 P s 'g 

72.5 psid 

T 28° F 

avg 1 

\ 1 00 mph 

Spray Duration 8 min 

Ice Accretion Type GI3Z6 

A.O.A. 5° 

lwc 0.92 g/m 3 

mvd 14.4jum 


Remarks 


• No frost. Ice accretion on undersurface was from deposition. Considerable 
ice in the gap between slat and leading edge of main airfoil. Ice on flap 
leading edges - Ice on all of flap udersurfaces for flaps 2 and 3. 

• The accretion was less near Section A. 

• Ice accretion on Leading Edge Slat approximately 1/8" thick. 

• Ice accretion on leading edge of Flaps 1 and 2 approximately 7/16" and 1/8" 
thick, respectively. The ice on Flap 3 was more like fingers and extended 
from just under the leading edge about 1/4" back along the flap. 

• Ice shape tracings not available for 

Flap 1 , Sections A, B, C 2 , D and E 
Flap 2, Sections A, B, C 2 , D and E 
Flap 3, Sections A, B, C 2 , D and E 
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FIGURE 61 - RUN 22 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 101 - RUN 22 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - 
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TABLE 101 - RUN 22 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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TABLE 103 - RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT OF CLEAN 

AIRFOIL FOR RUN NUMBER 22. 
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TABLE 104 - TEST CONDITIONS FOR RUN NUMBER 22. 



ISA LEWI 

IS ICING 

RESEAR 

tmmmExmmmmmm: 






Run No. 22 

Configuration 1 5° Flap 

Date 05-06-88 

P a ,r 80 psig 

72.5 psid 

T 28° F 

avg 1 

1 00 mph 

Spray Duration 8 min 

Ice Accretion Type Glaze 

A.O.A. 8° 

lwc 0.92 g/m 3 

MVD 14.4/im 


Remarks 


• Considerable ice deposition on the lower surface. Relatively small amount 
on the upper surface of the slat. Ice in the gap between slat and main 
airfoil. No ice on upper surface behind gap. No frost evident. Ice deposits 
on the lower surface were more like fingers of ice. 

• Ice accretion on Leading Edge Slat approximately 3/8" thick. 

• Ice accretion on leading edge of Flap 1 approximately 1/4" thick. 

• Ice accretion on leading edge of Flap 2 approximately 3/16" thick. 

• Flap 3 had ice fingers. 

• The uniformity was better than the previous two runs. There was still 
a somewhat smaller deposit on the side near Section A. 


279 












LU 



280 


FIGURE 63 - RUN 23 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 105 - RUN 23 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - 
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TABLE 105 - RUN 23 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E. (con’t). 
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TABLE 107 - RATIO OF FORCE COEFFICIENTS/FORCE COEFFICIENT OF CLEAN 

AIRFOIL FOR RUN NUMBER 23. 
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TABLE 108 - TEST CONDITIONS FOR RUN NUMBER 23. 


NASA LEWI 

IS (CINQ 

RESEAR 

111^ 

Run No. 23 

Configuration 1 5° Flap 

Date 05-06-88 

P air 80 P s '9 

ap w 41 psid 

V, -10° F 

Y* 1 00 mph 

Spray Duration 6 min 

Ice Accretion Type Rim6 

A.O.A. 0° 

lwc 0.62 g/m 3 

mvd 12.2 jjm 


Remarks 


• Frost on the lower surface and in the region between the slat and the 
leading edge of the main wing section. There was frost on Flap 3. 

• Ice accretion on Leading Edge Slat approximately 1/8" thick. The ice extended 
from the leading edge to about 1/2" back along the upper surface. 

• Ice accretions on leading edge of Flaps 1 and 2 < 1/16" thick, too small 
to trace. 

• The uniformity across the span was better than previous cases. 
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FIGURE 65 - RUN 24 ICE SHAPE TRACINGS FOR LEADING EDGE SLAT, SECTIONS A - 


TABLE 109 - RUN 24 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - 
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TABLE 1 09 - RUN 24 ICE SHAPE COORDINATES FOR LEADING EDGE SLAT, SECTION A - E (con’t). 
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FIGURE 66 - RUN 24 ICE SHAPE TRACINGS FOR MAIN AIRFOIL, SECTIONS A - 




TABLE 1 10 - RUN 24 ICE SHAPE COORDINATES FOR MAIN AIRFOIL, SECTION A - 
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FIGURE 67 - RUN 24 ICE SHAPE TRACINGS FOR FORE FLAP (FLAP 1), SECTIONS A - 



TABLE 1 1 1 - RUN 24 ICE SHAPE COORDINATES FOR FORE FLAP (FLAP 1), SECTION A - 
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FIGURE 68 - RUN 24 ICE SHAPE TRACINGS FOR MID FLAP (FLAP 2), SECTIONS A - 



TABLE 1 12 - RUN 24 ICE SHAPE COORDINATES FOR MID FLAP (FLAP 2), SECTION A - 
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TABLE 1 13 - FORCE BALANCE MEASUREMENTS FOR RUN NUMBER 24. 

(A). CLEAN AIRFOIL (B) ICED AIRFOIL WITH FROST (C). ICED AIRFOIL WITHOUT FROST 
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TABLE 1 15 - TEST CONDITIONS FOR RUN NUMBER 24. 


m 

^SA LEW 

IS ICING 

RESEAR' 

GH TUNN 


Run No. 24 

Configuration 1 5° Flap 

Date 05-06-88 

p air 80 psig 

ap w 41 psid 

T -10° F 

avg 1 w 1 

100 mph 

Spray Duration 6 min 

Ice Accretion Type Rime 

A.O.A. 5° 

lwc 0.62 g/m 3 

mvd 12.2/im 


Remarks 


• Frost on lower surface of main wing body. Ice deposits on lower flaps. Ice 
in the region behind the slat and before the leading edge of the main airfoil 
body. Ice on leading edges of all flaps. 

• Uniformity across the span was very good. 

• Ice accretion on Leading Edge Slat approximately 1/8" thick. 

• Ice accretions on leading edge of Flaps 1 , 2 and 3 approximately 1/1 6" thick. 

• Flap 3 had ice fingers. 

• The upper surface had no frost. 

• Ice shape tracings not available for 

Flap 1 , Sections A, C 2 , D and E 
Flap 2, Sections A, C D and E 
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